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DEPARTMENT OF THE NAVY 
SCUTHWN DIVISION 

NAVAL FKXmES BKWERlNO CaCIMAND 

P.Q BOX t w o  50901 1 1 
21 55 EAGE MM Code 18710 

NORTH CHARLESTON. SC. Z W ~ ~ # N O  17-Jun-99 

Mr. John Litton, P.E. 
Director, Division of Hazardous and Infectious Waste Management 
SCDHEC-Bureau of Land and Waste Management 
2600 Bull Street 
Columbia. SC 29201 

Subj: SUBMITTAL OF THE REVISED ZONE I RCRA FACILITY INVESTIGATION 
REPORT 

Dear Mr. Litton: 

The purpose of this letter is to submit the enclosed revised Zone I RFI Report in the form of 
page changes for Naval Base Charleston. The revised report is submitted to EulfilI the 
requirements of condition IV.E.2 of the RCRA Part B permit issued to the Navy by the South 
Carolina Department of Health and Environmental Control and the U.S. Environmental 
Protection Agency (USEPA). 

The Navy requests that the Department and the USEPA review and provide comment or approval 
whichever is appropriate. If you should have any questions please contact Billy Drawdy or 
myself at (843) 743-9985 and (843) 820-5543 respectively. 

Remedial Project Manager 
Environmental Department 

Encl : 
(1) Revised Zone I RFI Report, Ensafe, dated 28 May 1999 

Copy to: 
SCDHEC (Paul Bergstrand, Johnny Tapia), USEPA (Dann Spariosu) 
CSO Naval Base Charleston (Billy Drawdy), SOUTHNAVFACENGCOM (Tony Hunt) 
SPORTENVDETCHASN (Bobby Dearhart) 
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SCDHEC Comments on Risk Assessment Portion of The 
Zone I RCRA Facility Investigation Report 
(dated January 1996) NAVBASE Charleston 

Comment 1: 
Section 7, page 7-18. Please explain the statement " . . . .A large number (i.e. greater than 10) of 
constituents would have to be present at near RBC concentrations to substantiate a concern for 
cumulative effects". It is very difficult to determine the cumulative effect on human and ecological 
health from exposure to a mixture of chemicals. EPA is trying to determine how complex mixture 
behave, how these interactions affect the overall toxicity of the mixture, and how to incorporate 
this information into risk assessments of chemical mixtures. There has been considerable effort 
in this area since the publication of the US Environmental Protection Agency's guidelines for risk 
assessment of chemical mixtures in 1986. Synergistic or antagonistic effects, not readily predicted 
from the mechanisms of action of the individual components, are possible when the mixture 
components are present at levels equal to or above their individual thresholds. For noncancer 
endpoints, adverse effects are unlikely to occur when the individual components in the mixture are 
present at levels well below their respective thresholds. Qnergistic carcinogenic efects have, 
however, been observed in animal studies of mixtures even at relatively low doses. Epidemiological 
studies which have considered the simultaneous effect of two chemical carcinogens have been 
reviewed, and shown to provide examples of additivity, multiplicativity and interaction both 
intermediate between the two and greater than multiplicative. 

Response 1: 
RAGS suggests that risk and hazard quotients for individual chemicals be summed to provide 
a cumuIative risk or hazard index for any given pathway of exposure. The Navy would 
require specific guidance from SCDHEC that provides alternatives to the RAGS solution for 
dealing with the health effects of chemical mixtures. The statement referenced in comment 
1 stems from the screening process used to select COPCs. For noncarcinogenic chemfcals, 
the screening concentrations used equate with a target hazard quotient of 0.1, This is done 
to prevent screening out chemicals whose individual hazard quotients may be below 1 but 
when assessed in the context of many chemicals whose hazard quotients are below I could 
uItimateIy translate into a cumulative hazard index above 1. 

Comment 2: 
Please explain why only 2 soil sample were used for ecological risk assessment (Section 8) in 
Zone 1-1 @MA) where as 5 soil samples were considered for the human health risk assessment 
under the site specific evaluation (Section 10) for the same site. 

Response 2: 
Samples selected for inclusion in the human health risk assessment are determined on a site 
(AOC or SWMU) basis. Samples selected for the ERA are based on their occurrence in 
different habitats, called subzones, due to differences in potential ecological receptors. These 
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subzones do not necessarily parallel site boundaries such as the case with the DMA, which 
consists of both early- and mid-succession habitats. Therefore, the number of samples may 
differ between ecological and human health risk assessments. The number of samples used 
for both of these risk assessments remains the same. 

Comment 3: 
Please explain why the reference concentrations for inorganics used in the ecological risk 
assessment section (section 8) are different from the reference concentration for inorganics used 
for site specific evaluation section (section 10). Where the backgrounds for the ecological area of 
concern derived separately? if yes, was a part of the data set, that was used to determine the 
reference concentration for the entire site for site specific evaluation, was used to determine the 
reference concentration for the ecological risk assessment. 

Response 3: 
The reference concentrations for inorganics used in Section 8 have been updated. 

Comment 4: 
Section 8, page 8.14, table 8.3a. Please explain why Endrin is not an ECPC even though it was 
detected in more than 5 % (4 out of 69) of the samples and met the selection criterion for an ECPC. 

Response 4: 
Endrin has been added as an ECPC and its associated HQ values added to both the lethal and 
sublethal HIS. 

Comment 5: 
The reference concentration for the inorganics have been revised according to the proposed 
background reference value for soil and groundwater of June 9, 1997. Please use the revised 
values for screening for COPCs. 

Response 5: 
The reference concentrations for inorganic.. used in Section 8 have been updated. The revised 
background reference values have been used for all screening comparisons in the final report. 
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Comment 6: 
Since the reference concentrations for the inorganics has been changed, would not the results of 
Wilcoxon rank sum test change too? Please verify the results of Wilcoxon rank sum test for each 
site to make sure that a11 the COPCs are identified. 

Response 6: 
Where reference concentrations changed due to removal of high values from background data 
sets, results of the Wilcoxon rank sum test may have changed as well. Inclusion of values 
from recent site samples into the site data sets could also affect Wilcoxon results. 
Consequently, all Wilcoxon rank sum tests for surface soil and shallow groundwater were 
re-run where the test was justified (i,e., a minimum of four samples in each data set, with no 
more than approximately 80% nondetects). The Wilcoxon test was not run for subsurface 
soil results because those data are not used for risk assessment; it was not run for deep 
groundwater because the only deep wells in Zone I are grid wells. 

Comment 7: 
Section 10 AOC 671. Even though As is below the reference concentration, it is above the risk 
based concentration at 7 out of 8 sampling sites. The carcinogenic risk from the sum of all 
pathways to potential future residents from As alone is 1.12E-5 which is considerably higher than 
the carcinogenic risk of 5E-6 from combined sum of all pathway from all identified COCs. The 
COCs that were identified at AOC 67 1 are Benzo (a) pyrene and Nitrosodi-n-propylamine. In the 
calculation of the exposure term for As, the FI factor was conservatively assumed to be 0.5. The 
maximum detected concentration of As was 8.3 mg/kg and this was used as the exposure point 
concentration. Considering such high risk numbers from As, it should discussed separately in the 
uncertainties section of the risk assessment. 

Response 7: 
It is not unusual to find background levels of arsenic that are associated with relatively high 
risk estimates. A conservative process is used to separated arsenic concentrations that are 
associated with background conditions and those that are site related. These tests include 
direct comparisons maximum concentrations to background reference concentrations and 
Wilcoxon rank sum tests, Since the submittal of the Draft Zone I RFI, new background 
concentrations have been developed. Each Zone I site has been reevaluated based on these 
new background concentrations. 

Comment 8: 
Section 10 AOC 672 and 673 Table 10.2.5. Beta-BHC has been listed as NA under the column 
titled 'range of detection'. The detection of 3.2 @kg should be mentioned under this column. 
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Response 8: 
Noted* 

Comment 9: 
Section 10 AOC 672 Table 10.2.9. The exposure pathway summary excludes groundwater as a 
possible exposure pathway on the basis that no groundwater sampling was performed at AOC 672, 
673. A exposure pathway can not be excluded on this basis especially when an identified COPC 
(As) is present above its risk based concentration as well as above its reference concentration. The 
maximum concentration of As in soil was 42.9 mglkg which is greater than the UTL of 
21.6 mglkg (proposed background reference value for soil and groundwater dated June 9, 1997). 
The maximum detected concentration of arsenic is also above 0.37 mglkg which is the risk based 
concentration for residential soil ingestion. 

Response 9: 
The decision whether of not to sample groundwater at a given site is not made in the risk 
assessment. In the absence of groundwater data for AOCs 672 and 673, no risk assessment 
was performed for the groundwater pathways. Chemicals that exceed RBCs in the soil have 
no bearing on potential impacts to groundwater. However, shouId the fate and transport 
assessment indicate that soil concentrations of a given chemical are sufficient to cause an 
adverse impact to groundwater then modeling can be performed to provide data for 
evaluating the groundwater pathway in the risk assessment. 

Comment 10: 
Considering the possibility of As migration to groundwater (refer to comment 15) please carry out 
appropriate sampling and analysis procedure for arsenic and other inorganics and organics in 
groundwater at AOCs 672, 673. 

Response 10: 
See Response 9. 

Comment 11: 
Section 10.3. Though materials of concern at AOC 675 and 677 include residual fuel, diesel he1 
and aviation gasoline (paragraph 2) analytical procedure for total petroleum hydrocarbon (TPH) 
was not included for soil and groundwater samples. Sampling for TPH is required especially at 
AOC 677, which is the site of a number of petroleum spills. 
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Response 11: 
TPH analyses usually determine the total amount of hydrocarbons present as a single number 
and give little or no indication of the types of hydrocarbons present. These analyses are 
useful for site characterization, but are not suitable for risk assessments because the general 
measure of TPH does not provide sufficient information about the amounts of individual 
compounds present. Consequently, the risk assessment community has focused on assessing 
the impacts of a select group of indicator compounds that are inherently assumed to represent 
a significant fraction of the overall potential risk associated with petroleum hydrocarbons. 
These indicator compounds are included in the analysis for VOCs and SVOCs, and to a 
lesser extent, metals analysis. For additional discussion on this subject, please refer to the 
position paper titled "Use of TPH and TIC Analytical Resulfs for RFI E ~ a l w t b n  at CNC" 
submitted as part of the Zone C work plan. 

Comment 12: 
Section 10.3.7.2. The concentration of dimethoate in shallow groundwater does exceed the risk 
based concentration for dimethoate in tap water (refer to table 10.3.10) therefore please correct 
your statement that " ... combined AOC 675 shallow groundwater concentration did not exceed the 
tap water RBCs or the reference concentrations. 

Response 12: 
This statement has been corrected. 

Comment 13: 
Section 10 AOC 678. Though petroleum hydrocarbons are among the material of concern for this 
site, TPH analysis was not carried out at this site. Please provide an explanation. 

Response 13: 
Site specific discussion on AOC 678 will be provided as an addendum to the RFI report and 
as such, comments will be addressed and submitted with that addendum. 

Comment 14: 
Section 10 Table 10.4.27. Aroclor has an oral RfD (refer to section 10.4.6.4). Why the HQ for 
this chemical has not been calculated (refer to table 10.4.22). Please explain how a hazard based 
remedial goal for Aroclor was derived (refer to table 10.4.27) in the absence of a hazard quotient 
for Aroclor . 
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Response 14: 
As noted above, site specific discussion on AOC 678 will be provided as an addendum to the 
RFI report and as such, comments will be addressed and submitted with that addendum. 

Comment 15: 
Section 10.6.5.1 AOC 681. When discussing the fate and transport of all the ten organic 
constituents detected above their RBCs, at this site, it will be helpful to include a discussion on 
soil type, groundwater depth and meteorological (weather) conditions. According to Section 8.4 
the soil type is sandy and the soil is low in organic carbon. The above mentioned factors, beside 
the Koc value of each constituents, are important in determining the fate and transport of each 
constituents. The possibility of soil-to-groundwater cross-media transport should be carefully 
analyzed in the absence of groundwater sampling. On the other hand, groundwater samples could 
be collected to demonstrate that this media has not been impacted. 

Response 15: 
Site specific discussion on AOC 681 will be provided as an addendum to the RFI report and 
as such, comments will be addressed and submitted with that addendum. 

Comment 16: 
Section 10 AOC 681. Considering the fact that so many organic chemicals are detected above their 
soil water protection SSL and that Benzo (a) pyrene was recognized as a COPC, based on the 
resuIt of Wilcoxon rank sum test, a groundwater sampling is recommended at this site with 
analysis for VOCs and SVOCs. 

Response 16: 
Site specific discussion on AOC 681 will be provided as an addendum to the RFI report and 
as such, comments will be addressed and submitted with that addendum. 

Comment 17: 
Section 10.6.6.1. Please note that an USEPA report by Technical Review Workgroup for h a d  
(December 1996) provides recommendations for an interim approach to assessing risk associated 
with adult exposure to lead in soil. Under the light of above fact please reconsider the statement 
" . . .USEPA does not currently sanction any risk characterization model or approach for predicting 
the adverse health effects of lead in adultsn. 
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Response 17: 
Site specific discussion on AOC 681 will be provided as an addendum to the RFI report and 
as such, comments will be addressed and submitted with that addendum. 

Comment 18: 
Section 10.6.6.2. Under the 'COPC identification' section TPH is not mentioned as a COPC 
whereas tabIe 10.6.10 identifies TPH as a COPC. TPH has not been discussed under exposure 
assessment and toxicity assessment. A qualitative risk discussion on TPH is required if TPH is 
recognized as a COPC. 

Response 18: 
Site specific discussion on AOC 681 will be provided as an addendum to the WI report and 
as such, comments will be addressed and submitted with that addendum. 

Comment 19: 
Section 10.7 AOC 685. Please revise table 10.7.4 using the proposed reference concentration for 
inorganics (6.9.97). Beryllium exceeds its revised reference concentration of 0.95 mg/kg with a 
maximum detection of 1.2 mgtkg. If was not considered as a COPC before it should now. 

Response 19: 
Any changes in the background concentrations have been reflected in the Final RFI. 

Comment 20: 
Section 10.7.2 AOC 685. The last line under the paragraph titled 'Inorganics in Soil' is not clear, 
It is mentioned that 6 samples exceeded the reference concentration for 'Zinc' but the data 
(Appendix D) and Table 10.7.4 indicate that 6 samples exceed the reference concentration of 
nickel. 

Response 20: 
The reference concentrations have been revised for the final RFI report and there are no 
exceedances for nickel or zinc above the revised reference concentrations. 

Comment 21: 
Section 10.7 AOC 685 Table 10.7.9. Please explain why vanadium was recognized as a COPC. 
Vanadium has a frequency of detection of 9/15 but appears above its screening concentration in 
only one of the samples. The maximum detected concentration (55.5 mgikg) of vanadium is less 
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than its reference concentration (1 13 mglkg). Table 10.7.9 does not identify vanadium as a COPC 
by placing an asterisk beside it yet it is discussed under risk assessment. 

Response 21: 
The maximum vanadium concentration did not exceed it background concentration and 
therefore should not be considered a COPC. Changes in background concentrations are 
reflected in the Final RFI. The HHRA has been revised accordingly. 

Comment 22: 
Section 10.7 AOC 685 Table 10.7.9. This table identifies thallium as a COPC but thallium is not 
discussed under exposure assessment, toxicity assessment and risk characterization sections. No 
risklhazard number was calculated for thallium. 

Response 22: 
The HHRA has been revised for the final RFI and thallium is discussed as applicable. 

Comment 23: 
Section 10.7 AOC 685 Table 10.7.10. Shallow groundwater ingestion and inhalation of 
contaminants can not be ruled out from a possible exposure pathway, without extensive sampling 
of groundwater or without sufficient evidence that support that groundwater is not impacted. 
Detection of number of inorganics and organics above their reference concentration and screening 
concentration in soil at this site warrants that groundwater sampling and monitoring at this site 
may be highly desirable. 

Response 23: 
See Response 9. 

Comment 24: 
Section 10.8.2 This section does not include all the inorganics that were detected above their 
reference concentration (refer table 10.8.3). Co, Pb, Mn, Va, Zn, Al, Ar and Be were detected 
above their proposed reference concentration (6.9.97) in the subsurface soil. 

Response 24: 
Section 10.8.2 and Table 10.8.3 have been revised to reflect the reference concentrations 
agreed on in June 1997. 
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Comment 25: 
Section 10.8.7.2. Please state clearly what is meant by "qualitative screening identified arsenic's 
published AWQC " . 

Response 25: 
The above referenced statement has been deleted and the text has been revised as applicable. 

Comment 26: 
Section 10.8.8.3. Please explain clearly the meaning of second paragraph of this section which 
states " . . . .because surface soil samples collected around the combined AOC 687 failed to identify 
any COPCs, there is reason to expect widespread presence of BEQs, heptachlor epoxide or 
chlordane " . 

Response 26: 
The section has been revised and the referenced statement is no longer applicable. 

Comment 27: 
Section 10,8,8.2. Since the new proposed reference concentrations of inorganics, for soil and 
groundwater (6.9.97)' are considerably different from the previously used reference 
concentrations for inorganics, it is suggested that the Wilcoxon rank sum test analysis be carried 
out again for the inorganics in soil, groundwater and sediments. It is important since A1 and Be 
exceeded their risk based concentrations at 3 out of 4 soil sampling sites and As and Mn exceed 
their risk based concentrations at all the 4 soil sampling sites. 

Response 27: 
WiIcoxon rank sum tests were re-run for all surface soil and shallow groundwater data sets 
where they were appropriate. Wilcoxon tests were not run on sediment data because 
background have not been established for sediment. 

Comment 28: 
Section 10.8 AOC 687 Table 10.8.18. If heptachlor epoxide is below its screening concentration 
how was it identified as a COPC. 

Response 28: 
Heptachlor epoxide should not have been identified as a COPC. This has been corrected in 
the FinaI IUFI. 
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Comment 29: 
Section 10.9.5.2 AOC 688. A minimum of 4 samples (sample size =4) are required for Wilcoxon 
rank sum test. Please explain how the Wilcoxon rank sum test carried on 2 sediment samples to 
identify COPCs. 

Response 29: 
This statement was in error. No Wilcoxon rank sum tests were carried out on sediment 
samples, as explained above in the response to Comment 27. 

Comment 30: 
Section 10.9 AOC 688 Table 10.9.5. The table does not have the column of UTLs and SSLs. No 
comparison was made between the maximum detected concentrations of organics and inorganics 
and their respective SSLsfUTLs . 

Response 30: 
Surface soil and subsurface soil samples were collected at two AOC 688 locations in April 
1998. The revised versions of Table 10.9.5 include soil and sediment analytical results and 
comparisons of soil results to soil SSLs and background reference values (for inorganics). 
Sediment analytical results are compared qualitatively to soil results in revised Section 10.9.8. 
Sediment results were not compared to UTLs because no sediment background values were 
determined for Zone I. 

Comment 31: 
In spite of a RfD for Aroclor (refer section 10.9.5.4 - toxicity assessment) the noncarcinogenic 
risk (hazard) from this chemical was not derived under the risk characterization section. 

Response 31: 
The text has been clarified (note that the HHRA is now found in section 10.9.8). Only certain 
Aroclor congeners have RfDs, Aroclor 1260 does not. The hazard-based RGOs for Aroclor 
1260 were calculated in error. This has been corrected in the Final RFI. 

Comment 32: 
Section 10 AOC 689 and 690. Table 10.10.10 (Exposure pathway summary) excludes 
groundwater as a possible exposure pathway on the basis that no groundwater sampling was 
performed at AOC 689 and 690. An exposure pathway can not be excluded on this basis 
especially when COPCs such as chromium and copper may have a marked potential to migrate to 
ground water. Provide an explanation. 
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Response 32: 
See Response 9. 

Comment 33: 
Section 10 SWMU 12. Please revise table 10.1 1.4 using the proposed reference concentrations 
for inorganics dated 6.9.97. The frequency of detection of selenium above its reference 
concentration increases from 5 to 7 on considering the revised reference concentration for 
selenium. Does the increase on frequency of detection merit selenium to be a COPC? 

Response 33: 
Table 10.11.4 (now Table 10.11.3) has been revised as requested. Selenium has not been 
identified as a COPC because its maximum detected concentration of 1.8 mg/kg is below 
selenium's RBC of 39 mglkg (THQ = 0.1). 

Comment 34: 
Section 10 SWMU 12. Please explain why TPH was not included in the list of analytes to be tested 
considering the fact that petroleum hydrocarbon figures as one of the materials of concern under 
Section 10.1 1. 

Response 34: 
See Response 11. 

Comment 35: 
Section 10 SWMU 12. Please revise Table 10.1 1.7 using the proposed reference concentrations 
for inorganics dated 6.9.97. Ba, Pb and Zn exceed their proposed reference concentrations. 

Response 35: 
Table 10.11.7 has been revised as requested. 

Comment 36: 
Section 10.13.4 RTC. Please explain why hazard quotient (HQ) for PCB Aroclors was not 
caIculated even though a reference dose for PCB Aroclor is available and mentioned under 
Section 10.13.4.4. 
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Response 36: 
Only certain Aroclor congeners have RfDs, Aroclor 1260 does not. The hazard-based RGOs 
for Aroclor 1260 were calcuIated in error. This has been corrected in the Final RFI. 

Comment 37: 
Section 10.14 DMA. Please explain why tables 10.14.2, 10.14.3, 10.14.5 and 10.14.6 did not 
have columns for 'RBCfUTL' and 'number of samples exceeding RBC/UTL'. 

Response 37: 
It would be inappropriate to compare chemical concentrations of recently dredged river- 
bottom sediments to RBCs and background reference values developed for in-place soils. 

Comment 38: 
Section 10.14 DMA Table 10.14.3. On comparison of surface and subsurface concentrations of 
inorganics with their respective UTLs, many inorganics exceed their reference concentrations. Al, 
Be, Cd, Co, Mn, Se and Va exceed their reference concentration in both surface and subsurface 
soil where as As, Ba, Cu, Pb, Ni and Zn exceed their subsurface reference concentrations. The 
inorganics were compared to their proposed reference concentrations for inorganics in soil and 
groundwater dated 6.9.97. The results of this comparison should be included under 
Section 10.14.2. Identify COPCs accordingly. 

Response 38: 
Table 10.13.3 (formerly Table 10.14.3) has been updated with revised reference 
concentrations. Inorganics in soil are compared to RBCs (upper-interval) and SSLs (lower- 
interval) and discussed as appropriate in Section 10.13.2. 

Comment 39: 
Section 10.14 DMA Table 10.14.6. Al, Be, Co, Mn and Se exceed their proposed reference 
concentrations in sediment. 

Response 39: 
See response 37. 

Comment 40: 
Section 10.14 DMA Table 10.14.3 and 10.14.6. The average concentration of As in soil and 
sediment at this site is 12.55 and 12.74 mg/kg respectively. These concentrations of As are 
considerably higher than the risk based number of 0.37 mglkg. The frequency of detection of As 
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in soil and sediment is high. As also exceeds its risk based number (tap water RBC) in surface 
water (refer Table 10.14.16). The risk from exposure to high concentrations of As to humans 
should be considered at this site. 

Response 40: 
The risk from exposure to arsenic was considered at this site. However, arsenic was not 
identified as a COC for the DMA. 

Comment 41: 
Section 10.14 DMA Table 10.14.9. The maximum concentration of lead detected at this site 
(36.05 pg/L), exceeds 15 pg/L. 15 pg/L is the action level for lead in water. Please note the 
above comment and include under appropriate section. 

Response 41: 
Lead was considered under the HHRA. Please reference section 10.14.9 of the revised RFI. 

Comment 42: 
Section 10.14 DMA Table 10.14.11. Based on the proposed UTLs for inorganics (6.9.97), Al, 
Co and Mn exceed their respective UTLs and therefore have a potential to contaminate 
groundwater. Please revise Table 10.14.11 using the proposed reference concentrations for 
inorganics dated 6.9.97. 

Response 42: 
The tables have been revised to include the appropriate reference concetrations. The DMA 
discussion is now found in Section 10.13. 

Comment 43: 
Please correct the following typographical errors: 

a Section 3.2.2.4, page 3-5, First line uses the word "tube' twice. 

Section 5.2.5, Tolerance-Interval or Reference Concentration Test, page 5-10. The line 
". . . . Where 50% > ND > 90% " is not clear. The sentence should be rewritten as 
"50% < ND < 90% " to fit the context. 

Section 6, page 6-18. The last Iine on this page can be written without the word "made" 
just before the word "determined" on the next page. 
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Section 10.2 AOC 672. PIease complete the last line in the 3rd paragraph by adding the 
word "sites" at the end. 

Section 10.3. PIease rewrite the first line of the first paragraph to link each designated 
AOC with its respective location. 

Section 10. Figure 10.3.1 does not indicate the location of the tank NS-4. Please include 
it in the figure. 

AOC 685 Table 10.7.4. Please correct the upper range of detection for Barium. The 
upper range for barium is 47.7 instead of 126. 

Section 10.8 AOC 687 Line 20. Please correct the word 'were' at the beginning of the 
line. 

Section 10.13.2 RTC pg 10-7. Under the paragraph titled "Pesticides and PCBs in soil' 
please correct the RBC value for PCBs. The RBC value for PCBs is 83 pglkg and not 
0.083 pg/kg as mentioned under this section.. 

Response 43: 
The revisions and changes as requested above have been made as applicable and appropriate. 

Comment 44: 
Please revise and update the following tabIes with the new approved background reference 
concentrations. Identify COPCs and carry through the risk assessment if applicable: 

a Section 10 AOC 672. Please revise tables 10.2.3, 10.2.5 and table 10.2.8 to include the 
revised reference concentrations for inorganics. 

Section 10. Please revise tables 10.3.3, 10.3.6, 10.3.9, 10.3.10, 10.3.16 10.3.17 and 
10.3.18 according to the revised reference concentrations for inorganics. Screening for 
COPCs, using the revised UTLs for inorganics, is recommended. 

Please revise tables 10.6.4, 10.6.7 and 10.6.10 by using the proposed background 
reference concentration for inorganics in soil and groundwater dated. 6.9.97. 

Section 10.7 AOC 685. Please revise tables 10.7.6 and 10.7.9 using the proposed 
reference concentration for the inorganics (6.9.97). According to the recently proposed 
reference concentration for inorganics, Al and Co should be included in the list of 
chemicals exceeding their reference concentration. 



Response to SCDHEC (Paul Bergstrand) Comments 
Druft RCRA Facility Investigation Zone I 

Dated Jatuiary 26, 1996 

Section 10.8 AOC 687. Please revise table 10.8.3 according to the proposed reference 
concentration for inorganics in soil and groundwater (6.9.97). 

Section 10.8 AOC 687 Table 10.8.10. On considering the proposed reference 
concentration for inorganics in soil and groundwater, dated 6.9.97, A1 and Mn are 
additional chemicals that were detected above their reference concentration in groundwater. 
Please revise table 10.8.10 using the most recent proposed reference concentration for 
inorganics . 

Please revise tables 10.8.9, 10.8.12, 10.8.17 and 10.8.18 using the proposed reference 
concentration for inorganics in soil and groundwater dated 6.9.97. 

Section 10.8 AOC 687 Table 10.8.6. Please revise table 10.8.6 using the proposed 
reference concentration for inorganics in soil and groundwater dated 6.9.97. Mn and Zn 
exceed their new proposed reference concentrations and should be included as the 
inorganics detected above their reference concentration, besides nickel (Ni). 

Section 10.9 AOC 688. Please revise table 10.9.3 using the proposed reference 
concentration for inorganics in soil and groundwater dated 6.9.97. 

Section 10 AOC 689 and 690. Please revise table 10.10.4 using the proposed reference 
concentration for inorganics in soil and groundwater dated 6.9.97. As, Cd, Hg and Zn 
exceed their revised reference concentration. 

Section 10 AOC 689 and 690. Please provide a footnote for the abbreviations used in 
table 10.10.8. 

Section 10 AOC 689 and 690. Please revise table 10.10. 9 using the proposed reference 
concentration for inorganics in soil and groundwater dated 6.9.97. Considering the revised 
reference concentrations for inorganics, As appears above its screening and reference 
concentration. As should be designated as a COPC. 

Section 10 SWMU 12. Please revise table 10.11,8 using the proposed reference 
concentration for inorganics in soil and groundwater dated 6.9.97. 

Section 10 RTC. Please revise table 10.13.3 and 10.13.4 using the proposed reference 
concentration for inorganics dated 6.9.97. 

Section 10.14 DMA Table 10.14.10.2. Please identify COPCs for this site based on the 
proposed reference concentrations for inorganics dated 6.9.97. 



Response to SCDHEC (Paul Bergstrand) Comments 
Draft RCRA Faciliry Investigation Zune I 
Dated January 26, 1996 

Response 44: 
A11 tables have been revised to reflect the modified background reference values. COPCs are 
identified and carried through the respective HHRAs. 



SCDHEC (Paul Bergstrand) Comments on The 
Zone I RCRA Facility Investigation Report 
(dated January 1996) NAVBASE Charleston 

November 5, 1997 

General Comments 

Comment 1: 
This report deals with an area that was formerly used as a Naval Air Station. In fact, some tanks 
and structures remain from that former use. This report needs maps of the former Naval Air 
Station with the current base structures indicated in a light grey or provided as an overlay. 

Response 1: 
AU engineering drawings and specifications (both old and new) that were available have been 
used to update the base maps and drawings used for figures in this report. 

Comment 2: 
RFI surface soil samples are collected from 0 to 1 foot. Surface soil samples collected at SWMUs 
or AOCs based on former base used must account for disruption or reworking during construction 
of subsequent structures. This is particularly important when sub-surface soil samples were not 
collected due to high water table. 

Response 2: 
During project team discussions regarding this comment, it was pointed out that the reason 
subsurface soil samples were not collected below the water table is the validity of the results 
becomes questionable in terms of whether the contamination detected is representative of soil 
conditions or if it is contamination associated with groundwater in the pore space. An 
agreement was reached for all remaining soil sampling to be performed during the RFI 
regardless of zone, subsurface soil samples would be collected regardless of depth to 
groundwater. In the instances where groundwater is encountered and there are no site 
monitoring wells, the analytical data can be used to make reasonable assumptions as to 
whether a shallow groundwater problem exists and if monitoring we11 installations are 
necessary. 

Comment 3: 
The RFI Work Plan included Grid well locations on SWMU and AOC site maps. The RFI report, 
however, apparently did not consider or discuss analytical results from those wells. The final 
report should include this data. 



Response to SCDHEC (Paul Bergstrand) Comments 
Draft RCRA Faciliry Investigation Zone I 
Dated J m r y  26, 19% 

Response 3: 
Grid well sampling data has been considered and is included in site specific discussions as 
applicable. 

Comment 4: 
The Zone I RFI Report should incIude data available from other nearby or adjoining sources such 
as Zone H grid wells and SWMUs and Zone K, Shipyard Creek soil, sediment and water samples. 

Response 4: 
The Zone I RFI Report will include, summarize, or reference validated and pertinent data 
from other zone investigations depending on the degree to which such data is addressed in the 
zone-specific RFI report it was generated for. 

Comment 5: 
Ground water flow maps based on the quarterly sampling events should be included on the fmal 
report. 

Response 5: 
Water level data were acquired at each we11 during quarterly sampling events; however, these 
data were not collected synoptically since the welh were sampled over a period of several 
weeks. As a result, these water level data are not suitable for developing quarterly 
groundwater flow maps. 

A synoptic groundwater level event for the entire southern end of the peninsula (all welb in 
Zones H and I and a portion of those in Zone G) was conducted in mid summer 1998 as part 
of the Zone H CMS work. These data will be used for zone-wide groundwater flow maps as 
well as site-specific groundwater flow maps that may be included in the Zone I Final RFI 
Report. 

Comment 6: 
Sites such as RTC and DMA should be assigned a SWMU or AOC number. 

Response 6: 
The assignment of an AOC or SWMU number is a decision to be made by project team 
consensus. The 177iRTC site has been identified as a SWMU. The DMA has not been 
identified as either a AOC or a SWMU since is was created and regulated under the Clean 
Water Act. 



Response to SCDHEC (Paul Bergstrand) Comments 
Drafr RCRA Facility Investigan'on Zone I 

Dated January 26, 1996 

Comment 7: 
This RFI report must conclude if the vertical and horizontal extent of contamination has been 
detected and defined for each SWMU and AOC. This is very important before moving a site into 
the CMS process. 

Response 7: 
Acknowledged 
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Environmental Protection Agency Comments On 
Draft RCRA Facility Investigation Report for Zone 1 

Dated January 26,1996 

GENERAL 

Comment 1: 
Human health risk assessment comments specific for the Zone I RFI Report are identified below. 
General human health risk assessment comments, which EPA submitted on the procedure in 
conjunction with the Zone H RFX Report, are not repeated here but should be considered herein. 

Response 1: 
Acknowledged 

Comment 2: 
Throughout the Zone I RFI Report the statement is made that various chemicals: 

--- are considered a common lab artifact by the USEPA National Functional Guidelines, February 
1994. 

Examples include: 

Site Page Chemical(s) 

AOC 671 10-9 Acetone 

AOCs 675, 676, 677 10-17 Acetone 

AOCs 678, 679 

AOC 687, SWMU 16 

10-9 Acetone, Freon - 1 13 
10-14 Methylene Chloride 

10-6 Acetone, Methylene Chloride 
10-10 Acetone, Methylene Chloride 
10-16 Methylene Chloride 
10-52 Methylene Chloride 

SWMU 12 10-13 Methylene Chloride, Phthalates 

GRID 10-8 Acetone 
10-16 Acetone, Methylene Chloride 

RTC 10-6 Acetone 

DMA 10-6 Acetone, Toluene 
10-10 Acetone, 2-butanone 
10-14 Acetone 



Response to Comments From the 
Environmental Protection Agency on the 
Drafr Zone I RCRA Facility Investigation 
Daed January 26, 1998 

This raises three points: 

a Good laboratory practice has ways of avoiding, or at least minimizing, lab artifacts, 

b. Good laboratory practice has ways of identifying when a chemical in a sample is a true sample 
ingredient and when it is a laboratory artifact. 

c. Simply identifying that a chemical is sometimes found as a lab artifact does not explain the 
chemical in the samples collected at Naval Base Charleston. Should such a lab artifact 
question arise, EPA would expect the laboratory to identify and resolve the issue or the 
Contractor to collect additional samples for analysis in a different laboratory. Fact rather than 
conjecture is needed here. 

Response 2: 
A comprehensive site-by-site discussion of all problems/deficiencies found in the laboratory 
and field blank data will be included in Section 4.0. Compounds detected in blanks wiIl be 
grouped by analytical methods and sampling events and will be discussed as requested. In 
addition, the subject statement has been deleted from the site specific discussions. 

Comment 3: 
The format used for Sections 5.0 (Nature and Extent of Contamination) and 10.0 (Site-Specific 
Evaluations) makes the text difficult to follow. Except for a discussion of data related to 
background comparisons, the actual nature and extent of contamination are not presented until 
Section 10.0, after the presentation of the risk assessments. It would be better to incorporate 
Section 10.0 in Section 5.0 for the Final Zone I RFI Report. 

Response 3: 
The title of Section 5 has been changed to "Data Evaluation and Background Comparison" 
to more accurately reflect the contents. Section 10 includes all of the site-specific data and 
analysis: nature and extent, fate and transport, human health risk assessment, and corrective 
measures considerations, in that order. Ecological risk is discussed earfier, in Section 8, 
because it is more appropriately addressed zonewide. 

Comment 4: 
In the context of ecological risk assessment, receptors are considered to be the potentially affected 
biota - not surface water bodies such as the Cooper River. For Section 10.1, Page 10-1, and 
similar sections for all SWMUs and AOCs, revise the references to potential receptors 
accordingly. 
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Response 4: 
References to the surface water bodies as receptors have been revised as requested. 

SPECIFIC 

Comment I: 
Page vii, List of Tables, Table 2.5 - The footnote is missing. 

Response 1: 
The List of Tables has been revised and the reference to footnote for Table 2.5 has been 
deleted. The footnote will remain with Table 2.5 in the body of the report where it is 
intended. 

Comment 2: 
Page 2-1, Section 2.1.1 - Add a figure showing the locations of the Solid Waste Management 
Units (SWMUs) and Areas of Concern (AOCs) in Zbne I. 

Response 2: 
This figure has been added to the report. However, it is believed this figure is better suited 
for Section 1.0 and will be inserted in Section 1.4 (Figure 1.3) under the paragraph discussing 
the field investigation scope. 

Comment 3: 
Page 3-1, Section 3.0 - The statement is made that field work was conducted in accordance with 
the Final Comprehensive Sampling and Analysis Plan but no mention is made of the Zone I RFI 
Work Plan. The Zone RFI Work Plan should be reference also. 

Response 3: 
Reference to the Zone I RFI Work Plan was made in Section 3.1. However, it has been 
added to the statement in Section 3.0 as well. 

Comment 4: 
Page 3-2, Section 3.2.2.1, and Page 5-1, Sections 5.0 and 5.1 - In the text, clarify that the 
comparison of detected chemical concentrations to the USEPA Region 3 Risk-Based Concentration 
(RBC) Table pertains only to the protection of human health and does not address protection of 
ecological receptors. 
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Response 4: 
The above clarifying statement will be added to the appropriate sections of the Report. 

Comment 5: 
Page 6-1, Section 6.0 - The theory and application of Fate and Transport are discussed. The 
discussion leads up to, but stops short of, making a conclusion. The questions that need to be 
answered here are: 

a. What is the contamination, where is it coming from, where is it going, and how is it getting 
there? And, 

b. What is the horizontal and vertical extent of contamination? 

Response 5: 
Section 6 is a general discussion of fate and transport matters. The questions above are 
addressed on a site-by-site basis in Section 10, in the fate and transport portion of each site's 
subsection, 

Comment 6: 
Page 6-18, Section 6.2.2 - In Paragraph 2, modify Sentence 3 to read as follows: 

If concentrations of chemicals present in ground water do not exceed published AWQC, it is 
assumed that those chemicals present no risk to ecological receptors resulting from ground water 
discharge to surface water. 

Response 6: 
The sentence has been modified as requested in Section 6.2.2. 

Comment 7: 
Page 6-20, Section 6.2.4 - Check the wording in the second bullet and revise as needed. 

Response 7: 
The wording has been corrected. 

Comment 8: 
Page 8-1, Section 8.0 
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a. Describe the nature of Area of Ecological Concern AEC V-3, since it is not shown in 
Figure 8.1, Page 8-2, or in Figure 8.2, Page 8-3. 

b. Under "Zone Rationale," revise the last sentence of Paragraph 2 to indicate that the Zone I 
RFI Report will include an evaluation of Zone I SWMU and AOC contaminants with respect 
to their potential for migration to aquatic areas outside Zone I, at concentrations that might 
result in adverse effects to ecological receptors. If this initial valuation indicates a potential 
risk, further evaluation of those aquatic areas will be conducted during the Zone J 
investigation. 

Response 8: 
a. AEC V-3 consists of alt three subzones listed for Zone I as well as contiguous habitats 

located in Zone H. No ecological risk-based determinations have been made based on the 
AEC designations. Instead, AECs were evaluated for habitats containing similar biota 
within each zone's boundary and likely receptors from these habitats (subzones) were 
identified to assess ecological risk. Rather than adding a description of AEC V-3, which 
would be both repetitious and unrelated to the goals of the zone-specific ERA, the text 
has been revised to clarify the relation of AECs to subzones. 

b. The text has been revised to reference Section 10, the site-specific fate and transport 
assessments, as well as a brief summary of the condusions of Section 10 dealing with 
groundwater to surface water cross media transport. 

Comment 9: 
Page 8-1, Section 8.0 - The statement is made that "This methodology is described in detail in the 
Final Zone J RFI Work Plan (submitted November 22, 199S)." This raises two points: 

a. A Comprehensive RFI Work Plan has been developed and approved for work to be done at 
two or more zones. Each Zone Work Plan is intended to be specific for that zone. Thus, any 
reference to a more detailed description of this methodology should be to either the 
Comprehensive RFI Work PIan or a Section in the Zone I RFI Work Plan. 

b. The Zone J RFI Work PIan is still draft and should be referred to accordingly. 

Response 9: 
The text has been revised to read: "This survey methodology, which is used in conjunction 
with the Zone I RFI Report, is also described in the Zone J RFI Work Plan." 
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Comment 10: 
Page 8-3, Figure 8.2. 

a. In the legend, include a brief descriptive phrase for the each of the designated ecological 
sub-zones. 

b. Show the locations of SWMUs and AOCs in Zone I, as listed in Table 1.1, Pages 1-12 to 
1-13. 

Response 10: 
For Figure 8.3, the legend has been revised to include a brief description of each ecologicaI 
subzone and the location of all AOCs and SWMUs located in Zone I ecological subzones. The 
location of all SWMUs and AOCs is more appropriately shown on Figure 1.3 (Section 1.0). 

Comment 11: 
Page, 8-4, Section 8.1 - Clarify whether the species noted have been observed in Sub-Zone 1-1 or 
are just expected to occur there, based upon the nabre of the habitat present. 

Response 11: 
The text has been revised to clearly indicate which species have been observed and those 
which may occur within this habitat as stated in literature. 

Comment 12: 
Page 8-9, Section 8.2 and 8.3 - Mention that a preliminary evaluation of ground water 
contaminants will be conducted with respect to potential migration and discharge to surface water 
bodies. 

Response 12: 
The text has been revised to reference Section 10, the site-specific fate and transport 
assessments, as well as a brief summary in Section 8.3 of the conclusions of Section 10 dealing 
with groundwater to surface water cross media transport. 

Comment 13: 
Page 8-9, Section 8.3 - The last sentence in Paragraph 2 (concerning depth to ground water and 
ecological impacts) is true. However, considering the location of Zone I adjacent to the Cooper 
River and Shipyard Creek, Zone I ground water contaminants must be evaluated with respect to 
their potential to migrate and discharge into those water bodies at concentrations presenting a 
potential risk to aquatic receptors. 
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Response 13: 
See Response 12. 

Comment 14: 
Page 8-12, Table 8.2b - Since the maximum surface soil concentration of iron (216,000 mg/kg) 
exceeds the upper tolerance limit of background (30,910 mgfkg), include iron as an Ecological 
Chemical of Potential Concern (ECPC) for Sub-Zone 1-1. 

Response 14: 
Since iron is a naturally occurring nutrient, there are no known toxicity benchmarks for iron 
in soil and it has been excluded from the current UTL list (11197) for Zone I. This 
information has been added to the text. 

Comment 15: 
Pages 8-27 to 8-31, Section 8.4 - Although this section on "Stressor Characteristics" is under the 
heading "contaminant Fate and Transport," it includes some information on ecological effects. 
In future RFI reports for other zones, it would be better to include all of the effects information 
in the same section. 

Response 15: 
The text of the Zone I RFI and the ERA format have been revised so section headings are 
more consistent with the text provided below them. 

Comment 16: 
Page 8-3 1,  Section 8.5.1 - Revise the last line to read "measured by comparing literature data on 
toxic effects to actual soil concentrations." 

Response 16: 
The text has been revised as requested. 

Comment 17: 
Page 8-34, Section 8.6.2 - although Sub-Zone 1-3 "lacks significant terrestrial habitat," wetland 
contaminants should be evaluated for risks to bird and mammal species, which feed in the wetland. 

Response 17: 
The lack of terrestrial habitat in Subzone 1-3 very much limits the exposure otential of 
contaminants in sediment to foraging terrestrial wildlife. However, as noted in the text, the 
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terrestrial wildlife which may forage in Subzone 1-3 would likely forage in Subzone 1-2 and 
risk estimates from Subzone 1-2 could potentially apply to terrestrial species which occur in 
Subzone 1-3. 

Comment 18: 
Page 8-35, Section 8.7 

a. The point made in Paragraph 1 about the use of different concentration units is 
understandable. 

However, since the analytical data are presented in units of ug/kg or mg/kg (for example), rather 
than in ppb or ppm, it is preferred that the former units be used in future discussions, 

b. If ecological effects data are not available for particular ECPCs, say so in the text. The lack 
of effects data is an uncertainty with respect to the risk characterization, as mentioned in 
Page 8-64, Section 8.8. 

Response 18: 
c, The units have been converted as requested. The statement regarding different 

concentration units has been deleted since a "standardized" convention is now being used. 

b. Those ECPCs lacking ecotoxicological benchmarks have been identified and this 
benchmark deficiency will included as an uncertainty which my underestimate potential 
risk. 

Comment 19: 
Page 8-35, Section 8.7; Pages 8-36 to 841; Section 8.7.1; Pages 8-59 to 8-61, Section 8.7.3 - 
Most of the information in these sections pertain to ecological effects and, therefore, would be 
more appropriate in Section 8.6 (Ecological Effects Assessment), beginning on Page 8-34. Risk 
characterization actually begins on Page 8 4 1  for terrestrial infaunal invertebrates and Page 8-62 
for terrestrial vegetation. 

Response 19: 
This format discrepancy is noted and revisions have been made to Section 8 as requested. 

Comment 20: 
Pages 8-41 to 842, Section 8.7.1 - For the three sub-zones, be consistent in stating the locations 
of the chemical concentrations (e.g., Tables 8.2a and 8.2b) and the effects data (e.g., Table 8.9 
or text?) used to characterize risk to terrestrial infaunal invertebrates. 
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Response 20: 
The format in which sample locations, concentrations, and effects data are presented have 
been revised to be more consistent and easier to reference and review. 

Comment 21: 
Page 8-43, Section 8.7.2 - See the comment given above concerning evaluation of Sub-Zone 1-3 
with respect to terrestrial wildlife. 

Response 21: 
See Response 17. 

Comment 22: 
Pages 8-51 and 8-52, Tables 8.13a and 8.13b. 

a. Include the Volatile Organic Chemicals (VOCs) shown as ECPCs in Page 8-1 1, Table 8.2a, 
or explain why they are not included in the evaluation. 

b. Include iron in the evaluation, based upon the comment given above. 

Response 22: 
a. The omission of the VOC concentrations is noted. However, there are no data available 

to calculate the effects or potential dietary uptake of the three VOCs detected at this site 
to terrestrial receptors. Acetone evaporates very quickly in the environment (vapor 
pressure 231 mm Hg at 25°C) and is subject to biodegradation under both aerobic and 
anaerobic conditions. Tetrachloroethene will also evaporate fairly rapidly due to its high 
vapor pressure (18.49 mm Hg at 25°C). Toluene, with a vapor pressure of 28.4 mm 
Hg at 25"C, also evaporates very quickly and wilI biodegradate as well. K, values for 
toluene in sandy soils have been reported at 178, indicating high mobility and high 
potential to leach to groundwater, away from potential receptors (Handbook of 
Environmental Fate and Exposure Data, Sage et al., 1990). Based on these factors, the 
VOCs detected at the site are not expected to stress ecological receptors and will not be 
incorporated into the risk assessment. This information has been added to the report. 

b. As stated earlier, iron is a naturally occurring nutrient and will not be included as an 
ECPC. 
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Comment 23: 
Page 8-54, Table 8.14a - Check the series of U.S. Fish and Wildlife Service Contaminant Hazard 
Reviews by Ronald Eisler for reference toxicity values (RTVs) for the inorganics for birds (e.g., 
Eisler, Ronald. 1988. Arsenic Hazards to Fish, Wildlife, and Invertebrates: A synoptic Review. 
USFWS Contaminant Hazard Reviews, Report, Report No. 12 .) 

Response 23: 
Additional ecotoxicological benchmarks has been reviewed, including Eisler's RTVs, and 
have been included in the Zone I RFI as appropriate. 

Comment 24: 
Page 8-59, Section 8.7.2 - Food chain calculations based upon maximum surface soil contaminant 
concentrations show a potential risk (sublethal effects) for terrestrial wildlife. Therefore, it is 
recommended that mean contaminant concentrations also be used in determining potential dietary 
exposure, to give a risk range and to determine whether risk is related to localized vs widespread 
areas of high contaminant concentrations. This would help determine the need for coIlecting 
site-specific ecological data. 

Response 24: 
For those parameters which, when using the maximum concentration, indicates risk, the 
potential dietary exposure and risk range has been calculated using both the maximum and 
mean concentration. 

Comment 25: 
Page 8-62, Section 8.7.3 

a. Include a statement indicating how risk to terrestrial vegetation was characterized (e.g., 
comparison of chemical concentrations to effects data in Page 8-60, Table 8.15, and in the 
text). 

b. For Sub-Zone 1-2, explain why "Effects from organic concentrations could not be assessed. " 

Response 25: 
a. Text has been added to explain how risk to terrestrial vegetation was characterized. 

b. Text has been added to explain why effects from organic concentrations could not be 
assessed. 
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Comment 26: 
Page 8-62, Section 8.7.4 

a. In Paragraph 1, last line, change "surface water quaIity" to "aquatic receptors." 

b. For surface water, include a reference to Table 8.4, Pages 8-17 to 8-18, 

Response 26: 
a, The text has been revised as requested. 

b. The text has been revised as requested. 

Comment 27: 
Page 8-63, Section 8.7.4 - For Sub-Zone 1-2, also include 4,4'-DDE since it has a hazard quotient 
(HQ) of 80 (Page 8-23, Table 8.6). 

Response 27: 
The omission of this compound is noted. The text will be revised to indicate 4.4'-DDE is an 
ECPC. 

Comment 28: 
Pages 8-64 to 8-65, Section 8.9 

a, As written, the ecological risk assessment does not present sufficient information to make a 
decision concerning the possible need for corrective action at different AOCs or SWMUs. 
Several data gaps are mentioned in the text of the draft Zone I RFI Report and related EPA 
comments. These data gaps must be addressed in order to finalize the ecological risk 
assessment. This again points out the apparent lack of a mechanism for proceeding from 
Phases I and 11 to Phase 111 of the ecological risk assessment prior to submission of a draft 
RFI Report. 

b. Revise this section, based upon EPA comments given above. 

c. Risk was not evaluated for terrestrial wildlife in Sub-Zone 1-3. (See Page 8-34, 
Section 8.6.2). Therefore, change the statement about no risk potential for terrestrial wildlife 
species within Sub-zone 1-3. 
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Response 28: 
a. With the revisions requested, the Zone I ecological risk assessment provides sufficient 

information to adequately support risk management decisions. 

b. Section 8.9 has been revised as per regulatory comments. 

c. This statement regarding risk to terrestrial wildlife has been revised. 

Comment 29: 
Pages 9- 1 and 9-3, Sections 9.0 and 9.1 ; and Page 9-7, Section 9.4. The wording in these sections 
erroneously implies that only human health concerns will be the basis for determining the need for 
a Corrective Measures Study. While EPA is concerned about human health, EPA is also 
concerned with other life forms. Depending upon the final outcome of the Ecological Risk 
Assessment, ecological concerns might also need to be addressed through corrective action. 

Response 29: 
The basis for which a site is determined to be included as part of the Corrective Measures 
Study (CMS) will include risk and hazard, both from the human health and ecological 
perspective. In addition, a CMS may be warranted for sites where contaminant fate and 
transport pose significant concerns. However, sites with significant fate and transport issues 
typically pose a risk threat as well, and thus are incIuded in the CMS from the onset. The 
RFI Report has been amended to reflect this. 

Comment 30: 
Page 9-1, Section 9.0 - It says in part that: 

--- the RFI Report should discuss whether the extent of contamination has been defined, and 
propose recommended actions for the SWMUs and AOCs, such as collection of additional 
samples, proceed into a Corrective Measures Study, or No Further Investigation, whichever is 
appropriate. 

EPA agrees with this former SCDHEC comment. Yet, Section 9.0 does not fully satisfy this 
comment. This section summarizes what is contained in the USEPA guidance document RCRA 
Corrective Action Plan (USEPA 1994) rather than dealing with the site specific CMS issues. 
Section 9.0 is a very important section which should serve as a focal point for the rest of the 
Zone I RFI Report. It should summarize which areas are clean and require No Further 
Investigation, which areas need additional samples (how many, where, what type, etc.), and which 
areas should proceed into the Corrective Measures Study. Further, it should identify the 
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boundaries of each site ("the extent of contamination"). The extent of contamination is critical to 
designing a CMS. 

Response 30: 
Section 9.0 has been written in general terms to describe the overall CMS process proposed 
for NAVBASE. Potential remedial technologies based on impacted media are discussed in 
a general sense as well. Section 11.0 is a new portion of the RFI which was not developed at 
the time of this comment generation, This new section summarizes and presents 
recommendations for sites warranting a CMS. The reasons for including or excluding a site 
from the CMS process are listed as well. Site-specific CMS issues such as which areas need 
additional samples (how many, where, what type, etc.), proposed remedial objectives, and 
potential remedial alternatives will be included as part of the zone-specific CMS work plan. 

Comment 31: 
Page 9-27, Section 9.8 - A discussion is presented of a system for ranking the corrective measure 
alternatives. The statement is made that: 

The ranking system will apply a weighing factor selected by the Navy to determine the importance 
of each corrective measure criterion. 

However, the use to be made of that information is not provided. It should be noted that RCRA 
corrective action includes a public participation process. Specifically, while the Navy can 
recommend corrective measure alternatives, public input will be activeiy solicited and weighed 
heavily in the decision which will be made by the RCRA Permitting Authority(i.e., SCDHEC) as 
to which actual corrective measure is selected for each site. This emphasizes the importance of 
getting and keeping the Restoration Advisory Board informed and actively involved in the decision 
making process throughout the RFI and CMS. 

Response 31: 
The weighing factor the Navy will use during the ranking process to determine the 
importance of each corrective measure criterion will be provided to the Restoration Advisory 
Board (RAB). The reasons for its development and application will be explained to the RAB. 
In addition, Volume I of the Comprehensive Corrective Measures Study Project Management 
Plan, June, 1997 contains Section 7.0, Community Involvement. This section references the 
Community Relations Plan (CRP) and explains the process of and the benefits that can be 
obtained from a CRP. Active invoIvement of the RAB and the local community will be 
sought throughout the CMS as it currently is for the RFI. 
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Comment 32: 
Section 10 - These discussions need to conclude with a discussion of the horizontal and vertical 
extent of contamination which is critical to the design of a Corrective Measures Study (CMS) 
where a CMS is needed and to the transfer of property where an area is demonstrated to be 
"environmentaIly clean. " Maps which EPA has reviewed subsequent to the submission of this RFI 
Report would satisfy this concern if incorporated. 

Response 32: 
A discussion of the horizontal and vertical extent of contamination for each SWMU and 
AOC will be included in Section 10. 

Comment 33: 
Page 10-1, DMA - The statement is made that: 

Sample locations may have been changed due to inaccessibility of proposed locations. 

Since the investigation has been completed, this statement can be re-worded to say that the sample 
locations either were or were not changed thus eliminating any uncertainty. If they were changed, 
say so and explain why. 

Response 33: 
This discussion has been revised as appropriate. 

Comment 34: 
Pages 10-1 to 10-2, Section 10.0, and Page 10-3, Section 10.10.1 - State that the comparison of 
soil analytical data to the USEPA Region 3 RBC Table pertains only to the protection of human 
health and does not address protection of ecological receptors. 

Response 34: 
The text has been revised as appropriate. In addition, this text has been revised to include 
discussion of ecological receptors as well. 

Comment 35: 
Pages 10-1 and 10-2, Section 10.14.1, and Figure 10.14.1 - According to Page 10-1, 
Section 10.14, the purpose of the Dredged Materials Area @MA) soil samples was to 
"characterize background conditions from dredged material deposits," However, Figure 10.14.1 
show that only two soil samples were collected within the dike, while one was collected on the 
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dike and two were collected outside the dike. Thus it is questionable whether this limited number 
of soil samples adequately characterize the dredged material deposits. Address this point. 

Response 35: 
This statement is no longer incIuded in the discussion. 

Comment 36: 
Page 10-10, Section 10.8.5 - Indicate the nature of the sediment sampling locations (i.e., drainage 
ditch?). 

Response 36: 
The samples were collected from a drainage ditch immediately east of the site. The text has 
been revised to reflect this. 

Comment 37: 
Page 10-17, Section 10.14.8 - The first sentence is unsupported. Add a table summarizing the 
ground water analytical data. 

Response 37: 
No wells were specificaIly installed to characterize groundwater at the DMA. The final RFI 
work plan proposed eight grid-based well pairs (GDI001ilD through GDI008/8D) to be 
installed along the eastern and western boundaries of the DMA to characterize the zone 
perimeter groundwater. ResuIts of these analyses are discussed in the nature and extent 
section and are included in Appendix H of the RFI report. 

Comment 38: 
Page 10-17, Section 10.14.9.1 - Since the last two sentences (about sediment and surface water) 
do not apply to soil-to-ground water cross-media transport, it is recommended that they be 
separated into a new section. 

Response 38: 
This section has been revised as appropriate. 

Comment 39: 
Page 10-18, Section 10.8.7.4, and Page 10-7, Section 10.9.4 - Explain why sediment is not 
expected to migrate from the sampled drainage. 
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Response 39: 
The statement has been removed from the text and the sections have been revised 
accordingly. 

Comment 40: 
Page 10-17, Section 10.11.5.2. 

a. Check the end of Line 3 to see if it should read "to have exceeded the published AWQCs. " 

b, Include a table showing the comparison of ground water data to the AWQC, to support the 
statement concerning arsenic and nickel. 

Response 40: 
The fate and transport has been revised and the screening tables have been modified to 
include comparisons of groundwater analytical results to corresponding AWQCs (also known 
as saltwater surface water chronic screening values), 

Comment 41: 
Page 10-15, table 10.12.6 - Check the second line for arsenic, to see if it should read "Deep" 
rather than "Shallow. " 

Response 41: 
The second line was correct as written. The first line should have read "Aluminum - 
Shallow" rather than "Arsenic - Shallow." The table has been corrected. 

Comment 42: 
Page 10-21, Section 10.3.7.4. - The statement is made that: 

The significance of constituents detected in AOC 675 sediment with respect to ecological receptors 
will be addressed as necessary in the Zone I ERA or Zone J RFI. 

This needs to be worded better to identify specifically where in the Zone I RFI Report this is more 
firlly discussed and what part will be addressed as a part of the Zone J RFI. 

Response 42: 
The statement has been removed from the subject text and the section revised as applicable. 
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Comment 43: 
Page 10-56, Section 10.3.9 - The statement is made that: 

Therefore, a corrective measures study was not performed. 

This needs to be re-worded to reflect what is recommended for future activities rather than stating 
this is something that has already happened. 

Response 43: 
This section has been revised and the subject sentence has been deleted. 

Comment 44: 
Page 11-6, Section 11.9.1 - The statement is made that: 

--- risk to infaunal communities from organic ECPCs appears to be low or absent. 

Fact rather than conjecture are needed here. 

Response 44: 
Noted, 

Comment 45: 
Dioxin - In the description of the risk assessment, the cleanup number of 1 ppb used at Times 
Beach is based on the work of Kirnbrough and cited. In EPA's comments on the Zone H RFI, 
it was indicated that the slope factor approach is now more in favor and derived a cleanup number 
of 1 ppb based on this approach for workers. The Navy should be aware of this distinction and 
should refer to EPA's most recent comments on the draft Zone H RFI Report. 

Response 45: 
The derivation of the 1 ppb cleanup level for dioxin, which is now based on the slope factor 
approach, has been included in the final RFI Report. 

Comment 46: 
PAHs - These chemicals are present throughout Zone I. As would be expected, PAHs would wash 
from land sources (asphalt, oil, cars, etc.) by surface runoff to sediment. The sediment was then 
dredged and used as fill material so the PAHs occur in fairly low concentrations ubiquitously. 
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Response 46: 
Other nearby PAH sources include power plants, the municipal incinerator, cooking, and 
general urban activities. At the February 1997 project team meeting, EnSafe presented 
proposed background reference values for carcinogenic PAHs in soil, expressed as pgkg of 
BEQs, Project team members agreed that the proposed reference values would not be used 
to identify site COPCs, but as risk management tools, as possible sampling endpoints, and 
as guidelines for handling IDW, The proposed reference value for Zone I soil was 160pgkg 
BEQs. 
Comment 47: 
AOC 678 and 679 - The PCB ArochIor 1260 was detected in groundwater at levels of concern but 
not in soil. A possible disconnect exists here. It is present in 1 hit out of 3 and drives risk at the 
site. 

Response 47: 
Discussion of these combined sites is not included in the revised RFI but will be submitted as 
an addendum to that report. The comments regarding these sites will be addresed in the 
addendum submittal. 

Comment 48: 
SWMU 12 - The groundwater risk at SWMU 12 is driven by arsenic, It is possible that the 
sample was turbid because metals and dioxin, all generally entrained as fines, were selected as 
Chemicals Of Potential Concern (COPCs). This may become important in a risk management 
decision regarding groundwater. 

Response 48: 
The Final RFI report will evaluate d l  four quarters of groundwater data. Any trends in the 
groundwater data over time perhaps will confirm or refute the presence of these constituents 
in the groundwater. 

Comment 49: 
Dredge Spoils Area - A few samples of soil, sediment and surface water were taken in the Dredge 
Spoils area (referred to in the draft Zone I RFI Report as the DMA). Of the data reported, the soil 
and sediment were clean. Surface water had only metals contamination. The document claims 
that a risk assessment is unwarranted under RCRA because the area is a Clean Water Act (CWA) 
permitted dredge spoils area. Aluminum and manganese will probably drive any estimated risk 
from surface water. 

This issue is a "Pandora's Boxt' which EPA does not see the benefit of opening at Naval Base 
Charleston. Rather, the environmental investigation and cleanup at Naval Base Charleston is 
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proceeding under the Community Environmental Response and Facilitation Act (CERFA) which 
is multimedia including but not limited to RCRA. Accordingly, EPA will not concur with the 
transfer of property until it is determined to be "CERFA cIean." Therefore, EPA recommends 
that a sufficient number and types of samples be collected to identify the nature and extent of any 
contamination present, and that a risk assessment be conducted. 

Response 49: 
The subject statement has been removed from the text. A HHRA was conducted for the 
DMA and is included in the revised RFI report. 
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SCDHEC Comments on Risk Assessment Portion of The 
Zone I RCRA Facility Investigation Report 

(Dated January 1996) NAVBASE Charleston 

AOC 681 
RFI Report Addendum 

July 30, 1999 

Comment 15: 
Section 10.6.5.1 AOC 681. When discussing the fate and transport of all the ten organic 
constituents detected above their RBCs, at this site, it will be helpful to include a discussion on 
soil type, groundwater depth and meteorological (weather) conditions. According to Section 8.4 
the soil type is sandy and the soil is low in organic carbon. The above mentioned factors, beside 
the Koc value of each constituents, are important in determining the fate and transport of each 
constituents. The possibility of soil-to-groundwater cross-media transport should be carefully 
analyzed in the absence of groundwater sampling. On the other hand, groundwater samples could 
be collected to demonstrate that this media has not been impacted. 

Response 15: 
First, please note that Section 10.6.5 of the draft document is Section 10.6.7 in the revised 
report addendum. Three groundwater monitoring wells were installed at AOC 681 in 1998. 
These wells were sampled in three rounds in late 1998 and early 1999. The results of the 
sampling are discussed in Section 10.6.4 as well as in the Fate and Transport Section (10.6.7). 
Additionally, soil and groundwater samples were collected via DPT (geoprobe sampling) at 
AOC 681 in March 1998. Results from this sampling event are included in revised 
Sections 10.6.2 and 10.6.4 as well as in revised Section 10.6.7 (Fate and Transport). 

Comment 16: 
Section 10 AOC 681. Considering the fact that so many organic chemicals are detected above their 
soil water protection SSL and that Benzo (a) pyrene was recognized as a COPC, based on the 
result of Wilcoxon rank sum test, a groundwater sampling is recommended at this site with 
analysis for VOCs and SVOCs. 

Response 16: 
The Wilcoxon rank sum test is not run on benzo(a)pyrene results since it is an organic 
compound. As noted above, three groundwater monitoring wells were instaIled and sampled 
and groundwater samples were collected from three DPT points at AOC 681. All the 
groundwater samples were analyzed for VOCs and SVOCs. The results of the soil sampling 
is presented in the Nature and Extent of Contamination discussion in Section 10.6.2 of the 
report addendum while the results of the groundwater sampling are discussed in 
Section 10.6.4 of the report addendum. PAHs were the only organics detected above SSLs 
in subsurface soil samples and these exceedances were only seen in boring 681SB001. 
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(Dared January 1996) NAVBASE Charleston 

Comment 17: 
Section 10.6.6.1. Please note that an USEPA report by Technical Review Workgroup for Lead 
(December 1996) provides recommendations for an interim approach to assessing risk associated 
with adult exposure to lead in soil. Under the light of above fact please reconsider the statement 
" . . .USEPA does not currently sanction any risk characterization model or approach for predicting 
the adverse heaIth effects of lead in adults". 

Response 17: 
Please note that the HHRA which was found in Section 10.6.6 of the draft report is in 
Section 10.6.8 of the report addendum. The Recommendations of the Technicd Review 
Workgroup for Lead for an Interim Approach to Assessing Risks Associated wich Adult 
Exposures to Lead in Soil is used to evaluate lead exposure for AOC 681. In addition, the 
above referenced statement has been deleted from the text. 

Comment 18: 
Section 10.6.6.2. Under the 'COPC identification' Section TPH is not mentioned as a COPC 
whereas Table 10.6.10 identifies TPH as a COPC. TPH has not been discussed under exposure 
assessment and toxicity assessment. A qualitative risk discussion on TPH is required if TPH is 
recognized as a COPC. 

Response 18: 
Please note that Section 10.6.6.2 is now 10.6.8.2 in the report addendum and Table 10.6.10 
has been relabeled as 10.6.13. The revised Table does not identify TPH as a COPC. 
Typically the focus of the investigation is on RCRA regulated constituents, Where TPH has 
been detected, it is compared to standards provided under the State of South Carolina's 
UST Program. Sites where TPH concentrations are above UST standards are transferred to 
the Navy's Petroleum Storage Tank Program (as applicable). To date, quantitative risk 
assessments involving TPH exposure have not been necessary. 
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CHARLESTON NAVAL COMPLEX ZONE I 

The following abbreviations, acronyms, and units of measurement are used in this report. 
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BW 
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Aboveground Storage Tank 
American Society for Testing and Materials 
Atmospheres 
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Below Detection Limit 
Barometric Efficiency 
bis(2ethylhexyl)phhlate 
Benzo(a)pyrene Equivalent Quotient 
Building Economic Solutions Together 
Below ground surface 
Benzenehexachloride 
Bottom of Screen 
Bottom of Well 
Biochemical Oxygen Demand 
Baseline Risk Assessment 
Base Realignment and Closure Act of 1988 and Defense Base Closure and 
Realignment Act of 1990, collectively 
Benzene, toluene, ethylbenzene, and xy lene 
Receptor body weight (kg) 

CAMP Corrective Action Management Plan 
CAMU Corrective Action Management Unit 
CAP Correction Action Program 
CDD Chlorinated dibenzo-pdioxin 
CDF Chlorinated dibenzofuran 
CDI Chronic Daily Intake 
CEC Cation Exchange Capacity 



CERCLA 
CF 
CFR 
cmtsec 
CLEAN 
CLP 
CM 
CMI 
CMS 
COD 
CNC 
CNS 
CNSY 
COC 
COPC 
cPAH 
CPSS 
CRAVE 
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CSAP 
CSI 
CT 
cv 
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DAF 
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DDD 
DDE 
DDT 
DMA 
DNAPL 
DOD 
DPT 
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DRO 
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E/A&H 
ECAO 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Comprehensive Environmental Response, Compensation, and Liability Act 
Calibration Factor 
Code of Federal Regulations 
centimeters per second 
Comprehensive Long-Term Environmental Action Navy 
Contract Laboratory Program 
Corrective Measures 
Corrective Measures Implementation 
Corrective Measures Study 
Chemical Oxygen Demand 
Charleston Naval Complex 
Central Nervous System 
Charleston Naval Shipyard 
Chemical of Concern 
Chemical of Potential Concern 
Carcinogen Polynuclear Hydrocarbon 
Chemical Present in Site Samples 
Carcinogen Risk Assessment Verification Endeavor 
Contract Required Detection Limit 
Comprehensive Sampling and Analysis Plan 
Confirmatory Sampling Investigation 
Central Tendency 
Coefficient of Variation 
Clean Water Act 

Dilution Attentuation Factor 
2,4-dichlorophenylacetic acid 
Dichlorodiphenyldichloroethane 
DicNorodiphenyldichloroethylene 
Dichlorodiphenyl-trichloroethane 
Dredged Material Area 
Dense Non-Aqueous Phase Liquid 
Department of Defense 
Direct Push Technology 
Data Quality Objectives 
Diesel Range Organics 
Drinking Water Equivalent Level 

EnSafeIAllen & Hoshall 
Environmental Criteria and Assessment Office 



ECPC 
EMPC 
EOD 
EPC 
ERA 
ESA 
ESDSOPQAM 

FC 
FFI 
FI 
FID 
ft21day 
ft bgs 
ftlday 
ft msl 

F, 

GUMS 
gpm 
GPS 
GRO 

HASP 
HHRA 
HEAST 
HL 
HMW 
HI 
HQ 
HSWA 
HTTD 

i 
IC AP 
ICM 
ICP 
ID 
IDL 
ILCR 
ILO 
X%iet 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Ecological Chemical of Potential Concern 
Estimated Maximum Possible Concentration 
Explosive Ordnance Disposal 
Exposure Point Concentration 
Environmental Risk Assessment 
Ecological Study Area 
Environmental Services Division Standard Operating Procedures and 
Quality Assurance Manual 

Fraction contracted 
Focused Field Investigation 
Fraction Ingested 
Flameionization detector 
Square feet per day 
Feet below ground surface 
Feet per day 
Feet above mean sea level 
Fraction Organic Carbon 

Gas Chromatography/Mass Spectroscopy 
Gallons per minute 
Global Positioning System 
Gasoline Range Organics 

Health and Safety Plan 
Human Health Risk Assessment 
Health Effects Assessment Summary Table 
Henry's Law Constant 
High Molecular Weight 
Hazard Index 
Hazard Quotient 
Hazardous and Solid Waste Amendments 
High-Temperature Thermal Desorption 

Horizontal Hydraulic Gradient 
Inductively Coupled Argon Plasma 
Interim Corrective Measure 
Inductively Coupled Plasma 
Inside Diameter 
Instrument Detection Limit 
Incremental Lifetime Excess Cancer Risk 
Indeterminate Lubricating Oil 
Food ingestion rate of receptor (kg of food per day) 



IRIS 
IRP 
IS 

log K w  
LCS 
LC50 
LD50 
LMW 
LN 
LNAPL 
LQAC 
LTTD 

MCL 
MCLG 
MDL 
meq1L 
meq/ 100g 
mg/kg 
mglkg-day 

ml 
mm 
mph 
rnsl 
MSIMSD 
MW 

n 
n, 
NA 
NAD 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Integrated Risk Information System 
Installation Restoration Program 
Internal Standard 

Kilometers per hour 
Hydraulic Conductivity 
Normalized Partitioning Coefficient 
Hydraulic Conductivity 
Kilogram per liter 
Organic Carbon/Water Partitioning Coefficient 
Vertical Permeability 
Kilogram of organic carbon per liter of water 

OctanolfWater Partitioning Coefficient 
Laboratory Control Sample 
Lethal Concentration to 50 percent of test population 
Lethal Dose to 50 percent of test population 
Low Molecular Weight 
Natural Logarithm 
Light Nonaqueous Phase Liquid 
Laboratory QA Coordinator 
Low-Temperature Thermal Desorption 

Maximum Contaminant Level 
Maximum Contaminant Level Goal 
Method Detection Limit 
Milliequivaient per liter 
Milliequivalent per 100 grams 
Milligram per kilogram 
Milligram per kilogram per day 
Milligram per liter 
Milligram per cubic meter 
Milliliter 
Millimeter 
Miles per hour 
Mean sea level 
Matrix SpikeIMatrix Spike Duplicate 
Molecular Weight 

Soil total porosity1Number of samples collected 
Effective porosity 
Not Applicable/Not Available 
North American Datum 



NBS 
NCEA 
NCR 
ND 
NEESA 
NFI 
NGVD 
NIOSH 
NL 
NOAA 
NOAEL 
NPDES 
NR 
NTP 
NTU 

O E M  
OSHA 
OSWER 
OVA 

PAH 
PCB 
PCE 
PDE 
PE 
PEM 
pg/g 

POTW 
P P ~  
PPE 
PPm 
PPt 
PRC 
PRG 
PSA 
psi 
PVC 
%R 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE 1 (Continued) 

National Bureau of Standards 
National Center for Environmental Assessment 
NEESA Contract Representative 
Not Detected 
Naval Energy and Environmental Support Activity 
No Further Investigation 
National Geodetic Vertical Datum 
National Institute for Occupational Safety and Health 
Not Listed 
National Oceanic and Atmospheric Administration 
No Observable Adverse Effect Level 
National Pollutant Discharge Elimination System 
Not Reported 
National Toxicology Program 
Nephelometric Turbidity Unit 

Office of Emergency and Remedial Response 
Occupational Safety and Health Administration 
Office of Solid Waste and Emergency Response 
Organic Vapor Analyzer 

Polynuclear Aromatic Hydrocarbon 
Polychlorinated biphenyl 
Tetrachloroethene 
Potential Dietary Exposure 
Performance Evaluation 
Performance Evaluation Mixture 
Picogram per gram 
Picogram per liter 
Publicly Owned Treatment Works 
Parts per billion 
Personal Protective Equipment 
Parts per million 
Parts per trillion 
Preliminary Risk Characterization 
Preliminary Remedial Goal 
Preliminary Site Assessment 
Pounds per square inch 
Polyvinyl Chloride 
Percent Recovery 



R 
RAB 
RAD 
RAGS 
RBC 
RBSL 
RCRA 
RDA 
RFA 
RfC 
RfD 
RFI 
RGO 
RME 
RPD 
RRF 
RTC 
RTV 

SAA 
SAS 
SC 
SCDHEC 
SDG 
SF 
SFF 
SMCL 
SOP 
SOUTHDIV 
SPLP 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Percent Relative Standard Deviation 
Percent Difference 

Quality Assurance/Quality Control 
Quaternary Clay 
Quaternary Marsh Clay 
Quaternary Sand 
Quaternary SandILower 
Quaternary Sand/Upper 

Retardation Factor 
Restoration Advisory Board 
Recommended Daily Allowance 
Risk Assessment Guidance for Superfund 
Risk-Based Concentration 
Risk-Based Screening Level 
Resource Conservation and Recovery Act 
Charleston Naval Complex Redevelopment Authority 
RCRA Facility Assessment 
Reference Concentration 
Reference Dose 
RCRA Facility Investigation 
Remedial Goal Option 
Reasonable Maximum Exposure 
Relative Percent Difference 
Relative Response Factor 
Reserve Training Center 
Reference Toxicity Value 

Satellite Accumulation Area 
Special Analytical Services 
South Carolina 
South Carolina Department of Health and Environmental Control 
Sample Delivery Group 
Slope Factor 
Site Foraging Factor 
Secondary Maximum Contaminant Level 
Standard Operating Procedure 
Southern Division Naval Facilities Engineering Command 
Synthetic Precipitation Leaching Procedure 



SQL 
SSL 
ssv 
SVE 
SVOA 
svoc 
SWMU 

Ta 
T1/2 
T " 
TCDD 
TDIMS 
TD-GS/MS 
TDS 
TEF 
TEM 
TEQ 
TOC 
TPH 
TSCA 
TU 

UCL 
USEPA 
UST 
UTL 
UV 
UXO 

VOA 
VOC 

WBZ 
WOHL 
WQC 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Sample Quantitation Limit 
Soil Screening Leveis 
Sediment Screening Value 
Soil Vapor Extraction 
Semivolatile Organic Analysis 
Semivolatile Organic Compound 
Solid Waste Management Unit 

Ashley Formation 
Half Life 
Food contamination concentration in mglkg 
Tetrachlorodibenzo-pdioxin 
Thermal DesorptiodMass Spectrometry 
Thermal Desorption-Gas Chromatography/Mass Spectrometry 
Total Dissolved Solids 
Toxic Equivalency Factor 
Transmission Electron Microscopy 
TCDD Equivalency Quotient - 
Total Organic Carbon 
Total Petroleum Hydrocarbons 
Toxic Substances Control Act 
Temporary Unit 

Upper Confidence Limit 
United States Environmental Protection Agency 
Underground Storage Tank 
Upper Tolerance Limit 
Ultraviolet 
Unexploded Ordinance 

Volatile Organic Analysis 
Volatile Organic Compound 

Water-Bearing Zone 
Wisconsin Occupational Health Laboratory 
Water Quality Control 

Distance Between Points 
Hydraulic Head 
Dry soil bulk density 



ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR 
CHARLESTON NAVAL COMPLEX ZONE I (Continued) 

Microgram per square centimeter 
Microgram per kilogram 
Microgram per liter 
Microgram per cubic meter 
Nanogram per kilogram 
Picogram per liter 

2,4dichlorophenoxyacetic acid 
2,4-dichlorophenoxybutyric acid 
2,4,5-trichlorophenoxyacetic acid 
Silvex 
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1.0 INTRODUCTION 

The environmental investigation and remediation at Charleston Naval Complex (CNC) are 

required by the Hazardous and Solid Waste Amendments (HSWA) portion of the Resource 

Conservation and Recovery Act (RCRA) Part B permit (Permit Number: SCO 170022560) (South 

Carolina Department of Health and Environmental Control [SCDHEC], May 4, 1990). These 

conditions are consistent with the RCRA Corrective Action Program (CAP), with the objectives 

to evaluate the nature and extent of any hazardous waste or constituent releases, and to identify, 

develop, and implement appropriate corrective measures to protect human health and the 

environment. The scope of the RCRA Facility Investigation (RFI) includes the entire naval base, 

which has been divided into Zones A through L to accelerate the RFI process. This Zone I RFI 

Report, prepared by EnSafe, is submitted to satisfy condition IV.C.6 of the HSWA portion of the 

Part B permit (SCDHEC, May 4, 1990). 

1.1 Charleston Naval Complex Description and Background 

Section 1.1 of the Draft Zone A RCRA Facility Invesrigation Report (EnSafeIAHen & Hoshall 

[E/A&H] , 1996a) details the description and background of CNC. Several facilities within Zone I 

are currently being leased to private industrial clients. 

1.2 Base Closure Process for Environmental Cleanup 

Section 1.2 of the Dra$ Zone A RFI Report details the closure process for environmental cleanup. 

Where appropriate in this document, Areas of Concern (AOCs) and Solid Waste Management 

Units (SWMUs) are colIectively referred to as sites. Due to their proximity and similarity in 

materials, many sites in Zone I have been grouped for investigative purposes and share data from 

sample points in order to define nature and extent of contamination along site boundaries. 
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1.3 Investigative Zone Delineation 

Due to the size of the base and the level of detail required for investigations, CNC has been 

divided into 12 investigative zones (A through L), shown in Figure 1.1. The Restoration Advisory 

Board (RAB) and the Building Economic Solutions Together (BEST) committees ranked the 

investigation and cleanup priority of the zones. In 1994, BEST was replaced by the Charleston 

Naval Complex Redevelopment Authority (RDA), which has authority to establish leases for the 

transferred property. Zone I is in the southern portion of the peninsula formed by Shipyard Creek 

to the south; Cooper River to the north and east; and Hobson Avenue, Osprey Street, and C.B. 

Lane to the west (Figure 1.2). Zone I contains properties that will be transferred to the State 

Department as well as naval support, training, and administrative areas. 

1.4 Current Investigation 

Objective 

The objectives of the RFI are to characterize the nature and extent of contaminants associated with 

releases from SWMUs and AOCs, evaluate contaminant migration pathways, and identify both 

actual and potential receptors. The ultimate goal is to determine the need for interim corrective 

measures (ICMs) or a corrective measures study (CMS). This need will be evaluated by 

conducting a baseline risk assessment (HHRA) to assess the risks posed to human health and the 

environment by individual and/or groups of sites within a zone. 

Field Investigation Scope 

Eighteen AOCs and SWMUs plus the Dredged Materials Area (DMA) were identified in Zone I 

through the RCRA Facility Assessment (RFA) process. Each Zone I site is discussed in detail in 

the Final RCRA Facility Assessment (E/A&H, 1995a) and the Final Zone I RFI Work Plan 

(E/A&H, f 996b). The Final RFA designated AOC 684, the Pistol Range, for investigation along 

with Zone I. However, due to its proximity to SWMU 14 in Zone H, this AOC was investigated 

under and reported in the Zone H WI Report (E/A&H 1996~). SWMU 177, an oil spill at the 
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Reserve Training Center (RTC) Building 4 in Zone I, was designated for corJfiiatory sampling 

following completion of RFI field activities. Subsequent to the confirmatory sampling, the 

SWMU 177/RTC area underwent an RFI characterization. 

The RFA noted that much of Charleston Naval Complex, particularly the southern end that 

includes Zone I, is built upon a series of dredged material deposits. The DMA was included in 

the Zone I RFI to provide a baseline data set for calculating risk at other areas of Charleston Naval 

Complex filled by dredge spoils. 

Investigative approaches for each site were developed and proposed based on the best available 

information. The RCRA investigatory designations used in this process are defined below: 

No Further Investigation WFI) - This designation was applied to AOCs or SWMUs with 

sufficient data to thoroughly assess the potential hazards associated with the site and 

determine that it does not pose a threat to human health or the environment. 

Confirmatory Sampling Investigation (CSI) - This designation was applied to AOCs or 

SWMUs with insufficient data to thoroughly assess the potential hazards, Generally, a 

limited number of confirmatory samples are needed to determine whether a hazard exists. 

Results of the CSI will determine whether NFI is appropriate or a full-scale RFI is 

warranted. 

RFI- This designation was applied to AOCs or SWMUs if visual evidence, historical 

information such as spill reports, or analytical data indicated that hazardous substances had 

been released to the environment. A complete site characterization is needed to determine 

the nature and extent of contamination, identify migration pathways, identify actuaI and 

potential receptors, and evaluate the ecological and human health risks posed by the site. 
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Nineteen sites in Zone I were listed for either RFIs or CSIs. Investigative strategies for these sites 

are outlined in the approved Final RFI Work Plan. Table 1.1 summarizes each AOC or SWMU 

to be investigated, and Figure 1.3 identifies the site locations. 

1.5 Previous Investigations 

In addition to data generated during this investigation, pertinent data from previous Zone I 

investigations have been incorporated, along with other historical information. 

1.6 RFI Report Organization 

To facilitate review, the RFI Report has been formatted to first discuss zone-wide information, 

overall technical approach, and evaluation methodologies. These general informational sections 

are sequenced according to the natural progression of an FWI investigation. The zone-wide 

sections are: 

Introduction 

Physical Setting 

Field Investigation 

Data Validation 

Data Evaluation and Background Comparison 

Fate and Transport 

Human Health Risk Assessment 

Ecological Risk Assessment 

Corrective Measures 
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Table 1.1 
Site Summary 

Investigative Investigatory 
Site Site Description Approach Previous Investipations Grouping 

AOC 671 Metering Hause, CSI Investigated 
Former B u i l d i ~  39033 independently, 

AOC 672 Substation. Building 126 CSI Investigated 
together due to 

proximity. 
AOC 673 Paint and Oil CSI 

AOC 678 Firefighting School, CSI Investigated 
Building 2-V together due to 

proximity. 
AOC 679 Former Wash Rack CSI 

AOC 681 Abrasive Blast Booth, RFI 
Building 681 

Investigated 
independently. - 

AOC 685 Former Smoke Drum CSI Investigated 
independently. 

AOC 687 Ammunition Storage. CSI Environmental Incident Report #87-79 Investigated 
Building X-55 reported that Building X-55 had been together due to 

used for unauthorized storage of paint proximity. 
containers. Minor spills were cleaned 
and containers removed the same day 
they were discovered. 

SWMU 16 Paint Storage Bunker KFI 

AOC 688 Ammunition Storage, CSI Environmental Incident Report #87-61 Investigated 
Building X-56 revealed that Building X-$6 was once independently. 

used as  temporary storage for 
approximately 3,420 gallons of paint, and 
that spills and leaks occurred during this 
time. The Environmental Baseline 
Survey for Building X-56 found evidence 
of paint spills on the floor. 
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Table 1.1 
Site Summary 

Investigative Investigatory 
Site Site Description Approach Previous Investigations Grouping 

AOC 689 Southern Tip of Base KFI In 1992, the U.S. Army Corps of Investigated 
(Marina Parking Area) Engineers sampled sediment in the AOC together due to 

689 area to determine the suitability of proximity. 
ocean disposal for dredge spoils deposited 
here. Two of six samples c o l l u  
revealed concentrations of dioxins (1.3 to 
2.7 parts per trillion). Ocean disposal was 
not recommended without further 
investigation. 

AOC 690 Dredged Materials Area CSI 

SWMU 177 RTC-4 Oil Spill CSI investigated 
independently. 

CSI he t iga ted  

Notes: 
Site descriptions are taken from the approved Final RFI Work Plan. 
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The site-specific sections are: 

10.0 Site-Specific (SWMU and AOC) Evaluations 

11.0 Conclusions 

and: 

12.0 References 

13 .O Signatory Requirements 

Section 8 of the RFI addresses zone-wide ecological risk. Where applicable, surface soil and 

sediment data potentially affecting Zone I ecological areas are presented to determine overall 

ecological risk. 

Section 10 follows the same zone-wide outline as Sections 1 through 9, but on a site-specific basis. 

The section is subdivided by specific AOCs or SWMUs, or site groupings, and includes actual 

data summaries, risk calculations, and corrective measures considerations specific to each area. 

In this manner, the entire investigation sequence is contained within a site-specific section for easy 

reference. 

Section 11 summarizes the conclusions from each Section 10 site summary. This format makes is 

it easy to determine which sites have been recommended for a CMS and which are recommended 16 

for no further action. Section 12 is a compilation of references. 17 
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2.0 PHYSICAL SETTING 

2.1 Geology 

2.1.1 Regional Physiographic and Geologic Setting 

The regional physiographic and geologic setting for the CNC area is described in Section 2.1.1 

of the Drafr Zone A RFI Report. Local topography is presented in Figure 2.1. Regional geologic 

relationships across a regional plan view map (Figure 2.2) are shown in cross sections in 

Figure 2.3. 

2.1.2 Regional Hydrology and Hydrogeology 

The regional hydrology and hydrogeology for the CNC area is described in Section 2.2.1 of the 

Drafr Zone A RFI Report. Major surface water features are presented on Figure 2.1. 

2.2 Zone I Geologic Investigation 

Geologic and hydrogeologic information has been obtained from soil and monitoring well borings 

installed during the Zone I RFI. Because Zones I and H share a common boundary, much of the 

geologic information from the Zone H RFI is necessary for interpreting Zone I geology. The 

geologic cross sections presented in this report have been refined slightly from those in the Final 

Zone H RFI Report (EIA&H, 1996~) to reflect the increased understanding of CNC geology from 

previous Zone RFIs. Lithologic samples acquired using hollow-stem auger, wet rotary, and 

rotasonic drilling methods were classified and logged by an E/A&H geologist as described in the 

Final Comprehensive Sampling and Analysis Plan (CSAP) RCRA Facility Investigation (E/A&H, 

1996d). 

2.2.1 Monitoring Wells 

RFI activities in Zone I included installation of 65 monitoring wells and one deep soil boring (see 

Figure 2.4). Deep and shallow well pairs were installed at 19 nonbiased (grid-based) locations. 

Twenty-seven shallow monitoring wells were installed at biased (AOC/SWMU) locations. 
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Stratigraphic information in Zone I is limited to 75 feet below ground surface (feet bgs), which 1 

is the depth of the deepest well boring NBCIGDIlSD, Table 2.1 lists the monitoring wells and 2 

summarizes well construction data. Monitoring well boring stratigraphy and well construction 3 

logs are presented in Appendix A. 4 

2.2.2 Geotechnical 5 

Shelby tube samples were collected as part of the FSI drilling program and analyzed for porosity, 6 

bulk density, grain size distribution, specific gravity, percent moisture, and vertical permeability. 7 

Thin-walled steel Shelby tubes were pushed into undisturbed soil with a truck-mounted drill rig. 8 

The steel tubes were recovered, sealed, labeled, and retained onsite until transported to the 9 

laboratory for analysis. Samples were collected in plastic bags from two additional deep well lo 

locations to provide supplemental porosity and grain size data for deeper sediments. 11 

Shelby tube sample laboratory data reports are presented in Appendix 3. Table 2.2 summarizes 12 

Zone I Shelby tube data. These data, discussed in Section 2.2,3, are sorted on the basis of 13 

stratigraphic units which have been delineated in subsequent zone RFIs completed to date. 14 

2.2.3 Zone I Geology 15 

All Zone I deep well borings were drilled to the top of the Cooper Formation for the purpose of 16 

monitoring the deeper portions of the surficial aquifer (Figure 2.3). As a result, only Quaternary 17 

and Tertiary- age sediments were encountered during this investigation. The lowermost rs 

stratigraphic unit identified in Zone I is the Ashley Formation (Ta) of the Mid-Tertiary-age Cooper 19 

Group. 20 
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Overlying the Ta are younger Upper Tertiary and Quaternary-age stratigraphic units. 

Stratigraphic units encountered during the RFI are discussed in the following sections in ascending 

order 

2.2.3.1 Tertiary-Age Sediments 

Ashley Formation 

The oldest sediments encountered during the Zone I RFI has been the Ta, the youngest member 

of the Eocene-Oligocene Cooper Group. The Ta was deposited in an open-marine shelf 

environment during a rise in sea level in the late Oligocene (Weems and Lemon, 1993). 

Due to successive sea level transgression-regression (rise and fall) sequences during late Tertiary 

and early Quaternary time, extensive erosion has removed many of the marine and terrigenous 

deposits overlying the Ta (Weems and Lemon, 1993). The scoured nature of the upper Ta is 

plainly evident in Figure 2.5, which depicts surface contours of the unit based on deep well 

boring data throughout the southern tip of the base, and geologic cross sections (Figures 2.6 

through 2.8). The Ta contact in Zone I ranges in elevation from -66 ft mean sea level (msl) at 

GDI15D to -19 ft msl at GDI19D, with a mean elevation of -47 ft msl. 

The Ta penetrated in Zone I is a mustard-yellow to olive-brown, tight, slightly calcareous, clayey 

silt to silty clay with varying amounts of very fine-grained sand that decrease rapidly with depth. 

It is generally dry, stiff, and brittle and may contain fragments of oyster shells and clam molds and 

other microfossils. Field identification of the Ta is usually aided by the presence of a lag bed of 

phosphate nodules, phosphatic sand, and coarse-grained shell fragments that immediately overlies 

its contact. 
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2.2.3.2 Quaternary-Age Sediments 

The Quaternary Period began 1.6 miIlion years ago with the Pleistocene Epoch and continues with 

the Holocene (recent) Epoch from 65,000 years ago to the present. During Quaternary time, 

several sea transgressions-regressions resulted in a jumbled network of terrace complexes 

composed of varied depositional environments such as barrier islands, back barrier lagoons, tidal 

inlets, and shallow-marine shelf systems. Due to regional crustal uplift in the Charleston region 

during the Quaternary, many barrier to back barrier deposits from high sea-level stands are 

preserved as terraces. However, succeeding transgressions reworked the shallow-marine shelf 

deposits on the seaward side of each older barrier ridge or island (Weems and Lemon, 1993). The 

result of this erosional and redepositional process of older sediments is that a subsequently younger 

sequence of deposits may exist on the seaward side, laterally adjacent to the previous (older) 

coastal deposit (Weems and Lemon, 1993). Although Weems and Lemon (1993) have identified 

and correlated several formations of Quaternary-age sediments, it can be difficult to determine 

discrete formational units within the Quaternary system. Field identification of these formational 

units is difficult since many characteristics may only be evident at the microscopic level. 

Throughout Zone I, Quaternary-age sediments extend from the top of the Ta to just below ground 

surface. Based on the 19 deep well borings and one deep soil boring drilled in Zone I, these 

sediments range from approximately 75 feet thick at GDI15D to 25 feet thick at GDI19D, 

including anthropogenic deposits. These sediments primarily comprise the Pleistocene-age Wando 

Formation (deposited 70,000 to 130,000 years ago), which are in turn overlain by Holocene-age 

sand and clay deposits. 

In general, the Wando deposition encompasses three distinct high sea-level stands in the late 

Pleistocene (Weems and Lemon, 1993). As a result, Wando composition consists of repeating 

sequences of clayey sand and clay deposits overlying barrier sand deposits which, in turn, overlie 
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fossiliferous shelf-sand deposits. In Holocene time, rivers and streams have down-cut these 

sediment sequences, leaving scours that have filled with clay and silty sand deposits typical of 

low-energy environments. These younger deposits may resemble Wando deposits and further 

complicate the interpretation of local geology. 

Consequently, only two distinct Quaternary-age stratigraphic units have been correlated in the 

Zones H and I lithologic cross sections (Figures 2.6 through 2.8). These units, designated Qm 

(Quaternary marsh clay) and Qs (Quaternary sand), were selected because of their generally 

consistent lithologic characteristics throughout each zone. 

Quaternary Marsh Clay 

The Qm is the most persistent and easily identified stratigraphic unit in Zones H and I. It is found 

in borings as a dark brown to black, fat, silty organic clay containing plant material, oyster shells, 

and thin sand lenses. It has a characteristic "rotten egg" odor signifying an oxygen-poor reducing 

condition. 

Stratigraphically, the importance of the Qm unit is that it typically intervenes between an upper 

and a lower layer of Qs. The Qm unit, pervasive throughout the southeastern portion of CNC as 

marsh clay, was encountered in all but one of the deep well borings and the deep soil boring. 

However, at two deep well borings, sample recovery was limited due to drilling difficulties, so 

the presence of marsh clay is unknown. Where present, the Qm unit varied in thickness from 

approximately 9 feet at GDI13D to more than 45 feet at GDIOSD, averaging 31 feet thick. The 

Qm is also present as small, discontinuous lenses throughout the shallow subsurface. 

Twenty geotechnical samples of Qrn were obtained during the Zone I RFI from depths of 13 to 

20 feet bgs. These data were presented and designated as Qm lithologies in Table 2.2. Arithmetic 

averages were calculated for total porosity and grain size distribution as 68.1, and 8.7 % sand, 
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5 1.7 % silt and 39.8 % clay. The geometric mean of the vertical permeabilities reported for these 

20 samples was determined to be 4.3E-06 centimeters per second (cmlsec) (equivalent to 

1.2E-02 ft per day). 

Quaternary Sand 

The Qs unit is typically found in the southern peninsula of CNC as a poorly defined shallow or 

upper Quaternary sand (Qs,) layer overlying thick Qrn deposits and a better defined basal or lower 

Quaternary sand (QsJ unit intervening between the Qm and Ta units. The ambiguity in 

delineating the Qs, lies in the highly variable nature of the fill material that covers much of the 

southeastern portion of the base. As a resuIt, the Qs, is intermixed with fill material such as 

gravel, inorganic clays and silts, and dredged spoils from the Cooper River (which often include 

clasts of Ta). 

The Qs is best described as a green-gray, green to tan sand with a small percentage of fines. 

Grain size ranges from very fine to coarse, but is typically found as fine to medium. Shell 

fragments and oyster shells are found in varying percentages throughout the Qs as a whole, but 

tend to comprise higher percentages in the basal QsL. The QsL is easily identified in most deep 

well borings, but is not laterally consistent. Frequently, the Qs, is interbedded with clay lenses 

and may even degrade to sandy laminae within Qrn deposits that immediately overlie the Ta. 

No undisturbed Shelby tube samples could be obtained from the Qs,, but grain size data was 

obtained from two bagged samples taken from the Qs, (Table 2.2). These samples had a mean 

grain-size distribution of 94.3 % sand, 2.3 % silt and 3.5 %. 

2.2.4 Soii 

Surface soil at CNC has been extensively disturbed. Native soil was the fine-grained silt, silty 

sand, and clay typical of tidal marsh environments. Sand lenses present in localized areas are 
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generally only a few feet thick. Much of CNC, particularly the southern portion, has been filled 

using dredged materials from the Cooper River and Shipyard Creek. The dredged materials 

consist of an unsorted mixture of sand, silt, and clay. Figure 2.9 indicates that most of the 

remainder of Zone I has been either filled or reworked for development. Along the Cooper 

River, enough dredge spoil deposition and alteration has occurred to assume that much of the 

upper and surficial sediment encountered during soil boring is not natural. Granite boulders, 

concrete slabs, and wood pilings were occasionally encountered, indicating former waterfront 

development had been covered and built upon. 

2.3 Zone I Hydrogeology 

Hydrogeology information was obtained from slug tests, specific capacity tests, and water level 

measurements conducted during the Zone H and I RFIs. Estimates of vertical permeability, grain 

size distribution, and porosity were obtained from analysis of Shelby tube samples collected during 

drilling (Table 2.2). Only data pertinent to the Quaternary and Tertiary Ta deposits are discussed 

since they were the only deposits encountered in Zone I. 

2.3.1 Tertiary-Age Sediments 

2.3.1 .I Ashley Formation 

The Ta is important because of its role as a confining unit between the lower members of the 

Cooper Group and Eocene-age Santee Limestone, and the overlying water-bearing Quaternary-age 

sediments (Park, 1985). Lithologic cross sections presented by Weems and Lemon (1993) show 

the Ta as having a laterally consistent overall thickness. Samples from this unit at CNC have 

shown high clay and silt and varying sand contents depending greatly upon depth. Five Shelby 

tube samples, collected from the Ta during the Zone H RFI, averaged a very low vertical 

permeability of 1E-06 c d s e c  (0.0027 ftiday) (E/A&H, 1996~). According to Fetter (1988), 

sediments with permeabilities of 1E-05 cm/sec (0.03 ftiday) or Iess can be considered confining 

units. All deep well borings in Zone I were terminated when the Ta was encountered. 
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2.3.2 Quaternary-Age Sediments 1 

The hydrogelogic role of the Quaternary-age sediments is as a single surficial aquifer overlying 2 

the Ta. However, hydraulic conditions within the surficial aquifer vary significantly at the local 3 

scale. This is largely influenced by the range of stratigraphic units that comprise the 4 

Quaternary-age sediments, as previously discussed in Section 2.2.3.2. 5 

The two distinct water-bearing units in the surficial aquifer are the Qs, and the Qs,. Several 

characteristics of the Qm - its high silt and clay content, Iaterally consistent overall thickness 

throughout Zones H and I, and its low vertical permeability - suggest that the Qm behaves as an 

aquitard between the Qs, and QsL units. An average vertical permeability for the Qrn of 

4.3E-06 cmlsec (1.2E-02 fttday) was based on the 20 Shelby tube samples obtained in Zone I. 

Although no vertical permeability data for the Qs, or QsL units were obtained during the Zone I 

RFI, a mean vertical permeability for the Qs unit as a whole in Zone A was reported as 

5.7E-04 crdsec (1.6 Wday) (E/A&H, 1996a). 

2.3.3 Groundwater Flow in the Surficial Aquifer 14 

Although the surficial aquifer as a whole extends from the water table to the top of the Ta, 1s 

groundwater primarily flows within the Qs, and Qs, units. These units will be discussed 16 

individually, as they are considered hydraulically separate. 17 

2.3.3.1 Qs, 18 

The Qs, is considered to act as an unconfhed aquifer with its upper boundary as the water table 19 

surface and its bottom boundary roughly corresponding to the top of the Qm aquitard. Due to the 20 

presence of fill material, dredged spoils and other anthropogenic influences, flow direction and 21 

magnitude within the Qs, are highly variable. In some cases, the presence of clayey and silty fill 22 

material may act to semi-confine portions of the Qs,. An example of such a condition exists at 23 

shallow well location GDI005 where water levels are frequently above the top of the well casings 24 
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because of artesian pressure, likely exerted from marsh clay deposits throughout the upper 

subsurface. In generaI, however, the water levels in all Zones I and H shallow wells are 

considered representative of the hydraulic conditions within the QsU unit. 

Water levels range several feet within the QsU, but can generally average 4 to 6 feet bgs. Water 

level measurements, taken May 11, 1995 in a select subset of Zones H and I shallow monitoring 

wells, were used to develop a contour map of groundwater elevations in the Qs, (Figure 2.10). 

Groundwater elevation highs exist in the central portion of the southeastern CNC peninsula, 

coinciding with much of Zone H and flow radially outwards toward Shipyard Creek and the 

Cooper River. Local groundwater highs in Zone I are found at GDI009 and GDIO11 and reflect 

the heterogeneity of the QsU unit. 

2.3.3.2 Qs, 

The Qs, unit is considered semiconfined to confined by the overlying Qm unit because water levels 

in wells screened across the QsL rise above the top of the aquifer. The Qs, is not laterally 

consistent in Zones H and I and was not evident in several deep well borings. In other cases, the 

unit is frequently interbedded with clay lenses or degrades to sandy laminae within the Qm 

immediately overlying the Ta. As a result, hydraulic head values from deep wells in Zones H and 

I may not be entirely indicative of the Qs, unit, but represent hydraulic conditions coinciding with 

the top of the Ta. 

Generally, potentiometric head levels in this unit are within 10 feet of ground surface. In one 

Zone I well, GDIOSD, and several Zone H wells (00903D, 00905D, 00908D, and GDHOSD) the 

potentiometric head level is above ground surface. Water level measurements, taken 

May 11, 1995 in a select subset of Zones H and I deep monitoring wells, were used to contour 

groundwater elevations in the QsL (Figure 2.1 1). 
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As the figure depicts, a groundwater elevation high exists in the center of Zone H and extends all 

the way east to GDI08D near the eastern boundary of the peninsula. South of this high, 

groundwater flows southwest toward Shipyard Creek. As the peninsula becomes thinner between 

GDIOlD and GDIOSD, the dominant flow direction gradually becomes southeast to south, although 

localized groundwater highs are evident at GDIOSD, and at GDI06D and GDI07D which have 

more easterly groundwater components. Groundwater north and east of the major groundwater 

high flows north to northeast to the Cooper River. Groundwater elevations in the Zone I deep 

wells along the northern portion of the peninsula tend to be lower than those along the peninsula's 

eastern and southwestern edge. 

Additional water level data was collected from Zone I shallow and deep wells as part of a water 

level measurement event for the entire CNC southern peninsula in July, 1998. The intention of 

this event was to measure every well available or accessible instead of a select subset. 

Figures 2.12 and 2.13 are the resulting groundwater elevation contour maps for the Qs, and Qs, 

units, respectively. The primary difference evident when comparing Figures 2.12 and 2.10 is the 

sizes and shapes of the recharge zones within Zones H and I, resulting in some minor changes in 

groundwater flow direction. Although recharge zone morphology is influenced by seasonal 

fluctuations in the water table, it is likely that greater data coverage in the July 1998 event allowed 

for increased resolution of recharge zone morphology. Comparison of Figures 2.13 and 2.11 

reveals no discernible differences in groundwater flow direction in the Qs,. 

2.3.4 Vertical Hydraulic Gradient 20 

The vertical hydraulic gradient is a mathematical expression that indicates the potential for vertical 21 

groundwater flow. Vertical gradients were calculated by dividing the differences between shallow 22 

and deep water level elevations by the vertical distance between aquifers at each well pair. In 23 

cases where the upper sand layer was not present, the elevation of the bottom of the shallow-well 24 

screen was used. Similarly, if the lower sand was absent, the elevation of the top of the deep-well 25 
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screen was used. Positive gradients indicate a downward potential for vertical flow whereas 1 

negative gradients indicate potential for upward flow. 2 

Table 2.3 presents the calculated vertical hydraulic gradients between each of the shallow/deep 3 

well pairs in Zones I and H for water level data collected June 20, 1995. Figure 2.14 presents the 4 

distribution of vertical gradients across the site using the results presented in Table 2.3. 5 

Most of the well pairs have a positive hydraulic gradient, indicating the potential for groundwater 6 

to flow downward from the Qs, to Qs,. This does not necessarily mean that the aquifers are 7 

hydraulically connected beneath the site, but it does indicate the direction of flow if a connection 8 

exists. However, no connection between the Qs, and Qs, was observed in any of the Zone H 9 

or I boreholes. At some lateral distance from Zones H and I, a connection between the two sands lo 

could exist in association with the Cooper River and/or Shipyard Creek. 1 1  

Table 2.3 
Vertical Hydraulic Gradients 

Groundwater Elevation Vertical Distance Vertical Hydraulic 
Well Pair Difference (ft) Iff) Gradient (ftlft) 
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Table 2.3 
Vertical Hydraulic Gradients 

Groundwater Elevation Vertical Distance Vertical Hydraulic 
Well Pair Difference (ft) (fy) Gradient (ftlft) 

Zone If Monitoring Wells 

009002100902D -1.32 29 4.046 

Notes: 
- = Upward potential 
ft/ft = feet per foot 
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Well pairs that exhibit negative vertical gradients indicate a potential for upward vertical flow 

between the Qs, and Qs,. Most of these well pairs are along the southwestern shore of the 

peninsula near Shipyard Creek. This area roughly corresponds with one of the erosional surface 

lows indicated on the paleogeologic map of the Ta (Figure 2.5). 

2.3.5 Horizontal Hydraulic Gradient 

The horizontal hydraulic gradient (11 is a measurement of the change in hydraulic head (ah) (i.e., 

change in groundwater elevation) of two points over the distance between the points (AX). It is a 

dimensionless value generally used to quantitatively determine the magnitude of groundwater flow 

in a given region. Groundwater contour maps for the surficial aquifer (Figures 2.10 and 2.11) 

were examined to find groundwater flowpaths exhibiting a range of gradients throughout Zones H 

and I. 

Because monitoring well placement during the Zone I RFI was based solely on AOC and SWMU 

locations and historical land uses at CNC, it is coincidental when monitoring wells are aligned 

with one another along a groundwater flowpath. Since groundwater flowpath lines must be 

perpendicular to groundwater contours or equipotential lines (lines of equal hydraulic head), the 

contour pattern of hydraulic head dictates the orientation of groundwater flowpaths. 

Table 2.4 presents horizontal hydraulic gradients for specific groundwater flowpaths shown on 

Figures 2.10 and 2.11. Generally, the well pairs were selected to show the maximum and 

minimum horizontal gradients measured perpendicular to the groundwater elevation contours. 
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TabIe 2.4 
Horizontal Hydraulic Gradients in the Qs, and Qs, Units 

Shallow 

00905D to GDI 16D 10.03 - 0.09 = 9.94 2420 0.0041 

Notes: 
ah (ft) = Hydraulic head difference 
AX (ft) = Distance between points 
I = Horizontal hydraulic gradient 

2.3.6 Hydraulic Conductivity 

Slug tests were used to evaluate the horizontal hydraulic conductivity of an aquifer at a single 

point. A slug test is initiated by inserting a 1-718" diameter Teflon cylinder below the static water 

level in the well, creating an instantaneous change in the water level. The change in water level 

over time is monitored as the aquifer attempts to reach equilibrium in response to the perturbation. 

This procedure is known as a falling head slug test since the water level (hydraulic head) declines 

back to its original static level. Once equilibrium is re-established, the slug is quickly removed, 

dropping the static water level. This procedure is a rising head slug test since the water level in 

the well rises back to its original static level as the test progresses. 
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Data from the slug tests were first compiled using the computer program AQTESOLV (Aquifer 

Test Solver) ver. 1.1 by Geraghty and Miller Modeling Group (1989). Rising and falling head 

slug test data were evaluated using the Bouwer and Rice Method (1976), which provided the best 

curve fits for both the shallow and deep wells. For this solution, elapsed time versus displacement 

(change in water levels) was plotted on a semilogarithmic graph. Horizontal hydraulic 

conductivity (K,) was computed by the program using a straight-line of best fit. The Bouwer and 

Rice Method was developed for unconfined, semiconfined, and leaky aquifers. It is ideal for use 

in tests from wells that partially penetrate unconfined aquifers (i.e., the well does not fully screen 

the saturated interval). The method assumes that the aquifer is homogeneous, isotropic (vertical 

hydraulic conductivity equals horizontal hydraulic conductivity), in steady-state equilibrium, and 

that flow into the well is solely through the well screen. While this analysis results in a more 

reliable estimate of the aquifer's true hydraulic conductivity, it is important to recognize that these 

values are estimates of aquifer characteristics only at that specific well location and depth, and 

should be used carefully in discussing the overall aquifer characteristics. Some data sets did not 

provide adequate responses for evaluation, and thus were not used in the slug test analyses. 

Hydraulic conductivities for the shallow and deep wells are presented in Tables 2.5 and 2.6, 

respectively. Stratigraphic units that are considered responsible for the test response are included. 

Aquifer characterization plots for groundwater in Zone I are included as Appendix C .  

Because hydraulic conductivity data are lognormally distributed, the geometric mean is the best 

measure of central tendency. Therefore, the average hydraulic conductivity for each well is 

presented as the geometric mean of the faIling and rising head values. 

A rising head test was not conducted on GDI03D and GDI14D because falling head recovery of 

the well lasted more than 12 hours. 
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Table 2.5 
Sballow-Well Slug Test Hydraulic Conductivity Results in feeUday 

Stratigraphic 
Well ID Unit Falling Head Risinp: Head Geometric Mean* 

GDIOO~ Qsu/Qm 0.42 029 0.35 

677002 Fill 0.019 0.023 0.021 

687U Os,, 0.082 0 091 0.086 

Note: 
* = Average of falling and rising head values. 
Qrn = Quaternary marsh clay 
Qs, = Upper Quaternary sand 

Table 2.6 
Deepwell Slug Test Hydraulic Conductivity Results in feetiday 

Stratigraphic 
Well ID Unit Falline Head Rising Head Geometric Mean* 

Note: 
* = Average of falling and rising head values. 
Qrn = Quaternary marsh clay. 
Qs, = Lower Quaternary sand 
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Hydraulic conductivities in Zone I shallow wells ranged from 0.021 to 6.94 ftlday . These values 

further reinforce the finding that the shallow sediments are highly heterogeneous both naturally 

and anthropogenically. The geometric mean for the slug-tested Zone 1 shallow wells is 

Hydraulic conductivities in Zone I deep wells ranged between 0.0012 and 6.16 feetiday, with a 

geometric mean of 0.33 ft/day. This range reflects the interbedded nature of much of the Qs, 

deposits as well as the prevalence of Qm overIying the Ta. 

The mean hydraulic conductivities from Tables 2.5 and 2.6 were plotted next to their respective 

wells on Figure 2.15 to show the areal distribution of hydraulic conductivity in the surficial 

aquifer. 

2.3.7 Horizontal Groundwater Velocity 

To estimate the rate at which groundwater and possibly dissolved contaminants are migrating, 

groundwater velocity was calculated using the following formula: 

Where: 

V = horizontal groundwater velocity (ftlday) 

K, = hydraulic conductivity (ftiday) 

i = horizontal hydraulic gradient (unitless) 

ne = effective porosity (unitless) 

An estimated average sand porosity of 35 % was used as the effective porosity in the equation for 

both the Qs, and Qs, units. To provide a more conservative estimate of groundwater velocity, 
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. . - 

the four highest hydraulic conductivity estimates from Qs, and Qs, slug tests were used to I 

calculate a geometric mean for each unit, These mean K, values were found to be 3.0 and 2 

4.1 ft/day for the Qs, and Qs, units, respectively. Horizontal groundwater velocity was calculated 3 

along each of the groundwater flowpaths presented in Table 2.7. 4 

Table 2.7 
Horizontal Groundwater Velocity ResuIts in feeUday 

Notes: 
K,, = Hydraulic conductivity (ftlday) 
i = Horizontal hydraulic gradient 
v = Horizontal groundwater velocity (ftlday) 

2.4 Climatology 1 

Regional climate in the CNC area is described in Section 2.3 of the Drafl Zone A RFZ Report. 2 
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3.0 FIELD INVESTIGATION 

The following section lists the field investigation objectives and describes the technical sampling 

methods, procedures, and protocols implemented during Zone I data collection. Fieldwork was 

conducted in accordance with the approved final RFI work plan and CSAP and the United States 

Environmental Protection Agency (USEPA) Region IV, Standard Operating Procedures and 

Qualiry Assurance Manual (ESDSOPQAM) (USEPA, 1991a). Any deviations from the approved 

work plans, such as the number of samples collected, modified locations, or procedures, etc., were 

documented in the field logbooks and are detailed in Section 10, Site-Specific Evaluations. 

3.1 Investigation Objectives 

The Zone I sampling strategy, as detailed in the approved final RFI work plan, was designed to 

collect sufficient environmental media data to: 

• Characterize the facilities 

Define contaminant pathways and potential receptors (on and offsite, where applicable) 

Define the nature and extent of any contamination 

• Assess human heaIth and ecological excess risk 

Assess the need for corrective measures 

3.2 Sampling Procedures, Protocols, and Analyses 

The media sampled during the Zone I field investigation were soil, groundwater, sediment, dust 

(lead, aluminum oxide, and asbestos), and surface water, Sampling was generally conducted in 

accordance with the approved final RFI work plan. The media collected and the analyses varied 

between sites. The goal of the site-specific sampling and analyses was to provide sufficient data 

to meet the stated investigation objectives. 
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Analytical Protocols 1 

All screening and discrete site samples were analyzed per USEPA SW-846 methods at data quality 2 

objective (DQO) Level I11 unless otherwise noted. Analytical methods for soil, sediment, dust, 3 

and groundwater samples included: 4 

Volatile organic compounds (VOCs) 

Semivolatile organic compounds (SVOCs) 

Pesticides/PolychIoriIlated Biphenyls (PCBs) 

Cyanide 

MetalsiMercury 

Herbicides 

Organophosphorous (OP) pesticides 

Organotins 

Total Dissolved Solids (TDS) 

Chlorides 

Sulfates 

Total Petroleum Hydrocarbons (TPH) 

Diesel Range Organics (DRO) 

TPH - Gasoline Range Organics (GRO) 

Leadlaluminum oxide wipe samples 

Asbestos wipe samples 

USEPA Method 8260 

USEPA Method 8270 

USEPA Method 8080 

USEPA Method 9010 

USEPA Method 601017470 

USEPA Method 81 50 

USEPA Method 8140 

Per Triangle Laboratories 

Standard Operating Procedures (SOP) 

USEPA Method 160.1 

USEPA Method 325.1 

USEPA Method 375.1 

USEPA Method 8015 

USEPA Method 8015 

National Institute for Occupational 

Safety and Health (NIOSH) 

Method 7300 

NIOSH Method 7400 

Approximately 10% of the samples collected for each medium at Zone I was duplicated and 2a 

submitted for Appendix IX analytical parameters at DQO Level IV. These additional samples 2s 
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were collected to fulfill quality assurance/quality control (QAIQC) standards while cost-effectively 

analyzing for additional parameters. In addition to analyses for VOCs, SVOCs, pesticides, OP 

pesticides, PCBs, metals, and cyanide constituents, Appendix IX samples included: 

6 Hexavalent chromium 

Dioxins/Dibenzofurans 

• Herbicides 

USEPA Method 7196 

USEPA Method 8290 

USEPA Method 8150 

To support corrective measures at CNC, selected soil samples in Zone I were analyzed for the 

following engineering parameters: leachability (Synthetic Precipitation Leaching Procedure 

[SPLP]), cation exchange capacity (CEC), total organic carbon (TOC), total moisture, total 

phosphorous, ammonia, nitrate-nitrite, sulfur, and chlorides. Additionally, thin-walled Shelby 

tube soil samples were collected for physical parameters, in accordance with the approved final 

WI work plan, and as described in Section 4.6.2 of the approved final CSAP. Analysis of Shelby 

tube soil samples varied, based on type of soil, recovery of tube sample, location, and depth of 

sample. Shelby tube results were presented in Section 2. 

Subsequent samples were analyzed for site-specific parameters based on the chemicals of potential 

concern (COPCs) identified at each site during initial sampling. 

3.2.1 Sample Identification 17 

All samples collected during the RFI were identified using the 10-character scheme outlined in 18 

Section 11.4 of the approved final CSAP. This scheme identifies the samples by site, sample 19 

matrix, location, and sample depth. The first three characters identify the site where the sample 20 

was coIlected. The fourth and fifth characters identify the medium or sample QC code, Characters 21 

six through eight designate sampling location: boring or well number, sampling station, trench 22 

number, existing well identification, etc. The ninth and tenth characters represent sample-specific 23 
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identification such as depth to the nearest foot, depth interval, sampling event for water samples, 1 

etc. 2 

The following codes were used to identify specific media for sample identification during the 

Zone I RFI: (1) soil boring samples - SB; (2) groundwater samples - GW (GW is not used in 

well location identifiers on maps and in tables in this report); (3) sediment samples - M; 

(4) surface water samples - W; (5) Direct Push Technology (DPT) soil samples - SP; (6 )  DPT 

groundwater samples - GP. 

3.2.2 Soil Sampling 

Section 4 of the approved final CSAP describes Zone I RFI soil sampling procedures and 

activities. The following subsections summarize these procedures. 

In accordance with Section 3 of the approved final RFI work plan, a systematic grid-based 

sampling approach was selected to more fully characterize background conditions, and supplement 

the biased sampling locations. Grid-based soil samples at Zone I consisted of 15 surface and six 

subsurface soil samples, as depicted in Figure 3 .1 .  Collection of upper- and lower-interval 

samples was describes as described in Section 3.2.2.2 of this report. Sample analysis for metals, 

cyanide, pesticidesIPCBs, SVOCs, and VOCs, was described in Section 3.2, above. 

3.2.2.1 Soil Sample Locations 

Soil samples were generally collected as proposed in the approved final RFI work plan; the 

locations were based on the investigation strategy outlined in Section 1.2 of that document. Each 

AOC and SWMU primary sampling pattern is presented in Sections 2.1 through 2.12 of the 

approved final RFI work plan. Some proposed sample locations were modified slightly due to 

utility locations or because they were inaccessible. Additional samples were required to 

adequately characterize contaminant distribution at some sites. After the analytical data for the 
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initial round of soil sampling were interpreted, a second sampling round was proposed for some 

sites to further delineate contaminants identified during the initial sampling. Typically, additional 

sample locations were justified due to relatively high contaminant concentrations identified on the 

previous sampling pattern's perimeter. Section 10 figures detail the site-specific soil sample 

locations. 

3.2.2.2 Soil Sample Collection 

Composite soil samples were generally collected for laboratory analysis from 0 to 1 foot bgs and 

from 3 to 5 feet bgs. The 0 to 1 foot bgs interval is referred to in this report as the first or upper- 

interval sample. At soil sample locations overlain by pavement, the upper interval was collected 

from the base of the pavement to 1 foot below the base of the pavement. The 3 to 5 feet bgs 

interval is referred to as the second or lower-interval sample. No other intervals were sampled 

due to the relatively shalIow depth to groundwater in Zone I, typically from 4 to 6 feet bgs. 

Stainless-steel hand augers were used to collect soil samples, as detailed in Section 4.5 of the 

approved final CSAP. At sodded locations, the sod overlying the soil sample at the upper interval 

was removed before augering to 1 foot bgs. The sod layer was generally less than 2 inches thick. 

A coring machine was used to gain access to soil covered by concrete and/or asphalt pavement. 

3.2.2.3 Soil Sample Preparation, Packaging, and Shipment 

Section 3.2.2.3 of the Draft Zbne A RFI Report details soil sample preparation, packaging, and 

shipment as conducted for the Zone I RFI. 

3.2.2.4 Soil Sample Analysis 

Section 3.2.2.4 of the Dra8 Zone A RFI Report details soil sample analysis as performed for the 

Zone I RFI. Analytical protocols specific to the Zone I RFI are described in Section 3.2 of this 

report. 
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3.2.3 Monitoring Well Installation and Development 1 

Zone I monitoring wells were generally installed and sampled in accordance with the approved 2 

final WI work plan. Following analysis and interpretation of initial groundwater sample 3 

analytical data, additional wells and/or subsequent sampling were required at some sites to 4 

determine the extent of groundwater contamination. Typically, these additional samples were s 

justified due to relatively high concentrations of COPCs on the perimeter of the previous sample 6 

pattern. Section 10 figures present the site-specific groundwater sample locations. 7 

Additionally, per the approved final RFI work plan, a systematic grid-based groundwater sampling 

approach was selected to more fully characterize background conditions and to supplement the 

biased sampling locations. For Zone I, 19 shallow/deep well pairs (GDIOOl/GDIOlD through 

GDI019/GDI19D) were installed. Zone I grid-based groundwater samples were analyzed for 

metals, cyanide, pesticides/PCBs, SVOCs, VOCs, sulfates, chlorides, and TDS, as described in 

Section 3.2. Duplicate samples were analyzed for Appendix IX parameters. In addition, several 

shallow and deep grid groundwater samples were also analyzed for dioxin. In accordance with 

the approved final KFI work plan, data from grid wells near Zone I AOCs/SWMUs were 

incorporated into the appropriate site assessments. Figure 3.2 presents the Zone I grid-based 

groundwater sample locations. 

Section 5 of the approved final CSAP describes the methods used during monitoring well 

installation. All monitoring wells were permitted by the SCDHEC, and installed according to 

South Carolina Well Standards and Regulations (R. 6 1-7 1.1 1). All shaIlow and deep monitoring 

wells were constructed of an appropriate length of 2-inch inside diameter polyvinyl chloride (PVC) 

riser pipe attached to a 10-foot section of 0.010-inch slotted PVC well screen. The following 

subsections briefly describe Zone I site-specific methods. All identification numbers for 

monitoring wells installed during the Zone I investigation consist of six characters. The first three 

characters identify the site where the monitoring wells were installed. Characters four through 
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six identify the individual well number. For Zone I grid-based monitoring wells, the first three 

characters are GDI. Appendix A includes the Zone I lithologic boring logs and monitoring well 

construction diagrams. 

3.2.3.1 Shallow Monitoring Well Installation 

Zone I shallow monitoring wells were installed to facilitate groundwater sampling in the upper 

water-bearing zone of the shallow aquifer. The total depth of the shallow wells depended 

primarily on depth to groundwater, because these wells were installed to bracket the water table 

surface at each location. 

Because groundwater is encountered at approximately 3 to 6 feet bgs across Zone I, the shallow 

monitoring wells were set between 12 and 15 feet-bgs. These monitoring well borings were 

advanced using the hollow-stem auger drilling method, in accordance with procedures set forth 

in Section 5 of the approved final CSAP. 

3.2.3.2 Deep Monitoring Well Installation 

Deep grid-based monitoring wells were installed at Zone I to facilitate groundwater sampling at 

the base of the shallow aquifer. Per Section 5 of the approved final CSAP, rotasonic and mud 

rotary drilling methods were used to advance the deep monitoring well borings. The deepest well 

installed was 75 feet bgs. 

3.2.3.3 Monitoring We11 Protector Construction 

Section 3.2.3.4 of the Drafl Zone A RFI Reporr details the monitoring well protector construction 

process as performed for the Zone I RFI. Monitoring wells were completed with either 

flush-mount, manhole type well protectors or above-grade protective casings, depending upon well 

location. 
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3.2.3.4 Monitoring Well Development 

Section 3.2.3.5 of the Draft Zone A RFI Report details monitoring well development procedures 

as conducted for the Zone I RFI. 

3.2.4 Groundwater Sampling 

Section 3.2.4 of the Draft Zone A RFI Repor? details groundwater sampling as conducted for the 

Zone I RFI. 

3.2.4.1 Groundwater Sampling Locations 

Zone I monitoring wells were installed at the locations identified in the approved final RFI work 

plan. Some proposed locations were adjusted due to inaccessibility or obstructing utilities. 

Section 10 figures detail the site-specific groundwater sample locations. Supplementary wells 

were installed to further define the extent of contaminants. 

3.2.4.2 Groundwater Sample Collection 

Section 3.2.4.2 of the Draft Zone A RFI Report details the groundwater sample collection process 

as conducted for the Zone I RFI. At Zone I, peristaltic pumps were used in accordance with 

Section 6 of the approved final CSAP. 

3 -2.4.3 Groundwater Sample Preparation, Packaging, and Shipment 

Section 3.2.4.3 of the Draft Zone A RFI Report detaik groundwater sarnpIe preparation, 

packaging, and shipment as performed for the Zone I RFI. 

3.2.4.4 Groundwater Sample Analysis 

Section 3.2.4.4 of the Drap Zone A RFI Report details groundwater sample analysis as conducted 

for the Zone I RFI. Analytical protocols specific to the Zone I RFI are described in Section 3.2 

of this report. 
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3.2.5 DPT/Groundwater Sampling 

Direct Push Technology (DPT) groundwater sampling was not specified in the final Zone I RFI 

Work Plan. Based on the review of data collected during the RFI and additional information that 

became available regarding historic base activities, DPT groundwater samples were collected at 

selected locations within Zone I.  The purpose of these samples was to provide additional data, 

to delineate the extent of contamination, and/or to confirm or refute the presence of a possible 

contaminant plume. 

3.2.5.1 DPT Screening Locations 

Groundwater samples were collected from locations at AOC 678, AOC 680, AOC 681, and 

surrounding grid-based well GDIOI 1. DPT sample locations are shown on Figure 1 .3  in 

Section 1. 

3.2.5.2 DPT Sample Collection 

Groundwater was sampled using a DPT rig, as described in Sections 4.3.3 and 6.1.3 of the 

approved final CSAP. 

3.2.5.3 DPT Sample Preparation, Packaging, and Shipment 

Guidelines in Section 11 of the final CSAP were followed for preparing, packaging, and shipping 

DPT samples collected in Zone I. These samples were submitted to the contracted laboratory. 

3.2.5.4 DPT SampIe Analysis 

DPT samples were submitted to the contracted laboratory for VOC analysis at DQO Level DI. 

Analytical protocols specific to the Zone I RFI are described in Section 3.2 of this report. 
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3.2.6 SedimentISurface Water Sampling 

Section 7 of the approved final CSAP describes the procedures used for sediment and surface 

water sample collection at Zone I. 

3.2.6.1 Sediment/Surface Water Sample Locations 

Sediment and surface water samples were collected from the locations proposed in the approved 

final RFI work plan. Sediment samples were collected at AOC 687lSWMU 16, AOC 688, and 

the Dredged Materials Area (DMA). The purpose was to determine the impact of contaminant 

transport via the surface water drainage pathways from these areas. Locations sampled included 

drainage ditches, downgradient surface water flow-paths from these sites, and dredge disposal 

areas. Thirteen sediment samples were collected during the field investigation for Zone I. Five 

surface water samples were collected from the DMA site (the only Zone I site where surface water 

samples were collected). Section 10 contains site-specific figures that identify the sediment 

sample locations. 

3.2.6.2 SedimentISurface Water Sample Collection 

At Zone I, composite sediment samples were collected for laboratory analysis from 0 to 6 inches 

bgs using the scoop sampling method outlined in Section 7.2.3 of the approved final CSAP. 

Section 7.3  of the CSAP details procedures used to collect the surface water samples. 

3.2.6.3 SedimentISurface Water Sample Preparation, Packaging, and Shipment 

Guidelines in Section 11 of the approved final CSAP were followed for the preparation, 

packaging, and shipment of sedirnent/surface water samples collected during the Zone I RFI. 
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3.2.6.4 SedimentISurface Water Sample Analysis 

SedimentISurface Water samples were analyzed per USEPA SW-846 at DQO Level 111, unless 

otherwise noted. Analytical protocols specific to the Zone I RFI are described in Section 3.2 of 

this report. 

3.2.7 Wipe Sampling 

Wipe sampling for asbestos, lead dust, and aluminum oxide dust was conducted at AOC 681 in 

accordance with Section 9.1 of the approved final CSAP and Section 4.12.6 of the ESDSOPQAM 

(USEPA, 1991a). The following subsections briefly summarize those methods as applied at 

Zone I. 

3.2.7.1 Wipe Sample Locations 

Sample locations were not predetermined, but were selected in the field based on visual 

observations of horizontal structural building components such as supports and window sills 

unlikely to have undergone significant dusting or maintenance activities. Each sample location 

was marked, numbered, and documented in a field logbook. 

3.2.7.2 Wipe Sample Collection 

Lead and aluminum oxide wipe samples were collected by swabbing or wiping the sample location 

surface with No. 42 Whatman Filters that had been dampened with deionized water. Asbestos 

wipe samples were collected with prepared 37-millimeter (mm) mixed cellulose ester filters which 

had also been dampened with deionized water. The wipes were supplied by the Wisconsin 

Occupational Health Laboratory (WOHL) of Madison, Wisconsin, in 8-ounce, pre-cleaned glass 

jars. A clean set of gloves was used with each individual sampk to prevent crosscontamination. 

The optimal wipe sample area was 100 square centimeters (cm2). However, due to the nature of 

the matrices, the optimal sample area was not always available. The sample area was 

approximated and documented in a field logbook. The filter was folded with the exposed sides 
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against each other, then folded again. The filter was then returned to the sample jar and a 

corresponding number was recorded in the logbook. One of each type of filter was dampened with 

deionized water, folded, and returned to the sample jar to serve as a media blank. 

3.2.7.3 Wipe Sample Preparation, Packaging, and Shipment 

The sample jar was labeled immediately in accordance with Section 11.4 of the approved final 

CSAP. The jars were individually custody-seaIed, encased in bubble wrap, and boxed for 

shipment. A chain-ofcustody form was prepared and placed in the box. The samples were 

shipped overnight to WOHL. Air-bill information and sample labels were recorded in a master 

sample log. 

3.2.7.4 Wipe Sampling Analysis 

The lead and aluminum oxide wipe samples were submitted to WOHL for elemental analysis. The 

samples were analyzed by inductively coupled argon plasma, atomic emission spectroscopy using 

NIOSH Method 7300. 

The asbestos wipe samples were submitted to WOHL for bulk asbestos analysis. WOHL is 

accredited by the National Voluntary Laboratories Accreditation Program for Bulk and 

Transmission Electron Microscopy (TEM) Asbestos Analysis. The samples were analyzed by 

polarized light microscopy with dispersion staining technique using NIOSH Method 7400. 

3.2.8 Microvacuum Sampling 

Microvacuum sampling to confirm the presence of asbestos fibers was conducted at AOC 680 in 

accordance with the approved final work plan. Samples were collected in the hallway and the ship 

fitters shop area of Building NS-26. Samples were analyzed for bulk asbestos by phase contrast 

light microscopy. 
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3.2.9 Vertical and Horizontal Surveying 

Section 3.2.7 of the Draft Zone A RFI Report discusses the procedures for vertical and horizontal 

surveying used for the Zone I RFI. 

3.2.10 Aquifer Characterization 

Section 3.2.8 of the Drafl Zone A RFI Report details aquifer characterization procedures as 

conducted for the Zone I RFI. 

3.2.11 Decontamination Procedures 

Section 3.2.9 of the Drafl Zone A RFI Report details decontamination procedures as conducted for 

the Zone I RFI. 

3.2.11.1 Decontamination Area Setup 

Section 3.2.9.1 of the Draft Zone A RFI Report details decontamination area setup as conducted 

for the Zone I RFI. 

3.2.11.2 Cross-Contamination Prevention 

Section 3.2.9.2 of the Drafr Zone A RFI Report details crosscontarnination prevention measures 

as conducted for the Zone I RFI. 

3.2.11.3 Nonsampling Equipment 

Section 3.2.9.3 of the Drufr Zone A RFI Report details decontamination procedures for 

nonsampling equipment as conducted for the Zone I RFI. 

3.2.1 1.4 Sampling Equipment 

Section 3.2.9.4 of the DrafC Zone A RFI Report details decontamination procedures for sampling 

equipment as conducted for the Zone I RFI. 
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4.0 DATA VALIDATION 

4.1 Introduction 

Section 4.1 of the Drafr Zone A RFI Report defines the DQOs used for the Zone I investigation. 

For Zone I, Level I11 analytical data with 10% analyses for Appendix IX at Level IV were deemed 

appropriate for the following data uses: (1) site screening, (2) site characterization, (3) risk 

assessment, and (4) determinations/design of corrective measures. Level IV data analyses were 

performed only for the first-round of data collected for Zone I. 

Appendix D includes the complete analytical data set for Zone I. 

4.2 Validation Summary 

Section 4.2 of the Drafr Zone A RFI Report discusses the CNC analytical program, including the 

analytical methods used, as well as the QAIQC evaluation for the definitive data produced during 

the Zone I RFI. 

Field samples were collected at Zone I from February 1995 to December 1998, in accordance with 

the approved work plan. Samples were analyzed by CompuCfiem Laboratories, Southwest 

Laboratories of Oklahoma, Savannah Laboratories, and Laucks Testing Laboratory. Dioxins and 

dibenzofurans were analyzed by Southwest Laboratories of Oklahoma. Organotins were analyzed 

by Triangle Laboratories of North Carolina. In accordance with the final CSAP, sample analyses 

followed the guidance in Test Methods for Evaluating Solid Waste, SW-846 (USEPA, 1986a) and 

Title 40 CFR Part 264. 

Third-party independent data validation of all analytical work performed under the CSAP was 20 

conducted by VaIidata Chemical Services and Heartland Environmental Services based on the QC 21 

criteria developed for the Contract Laboratory Program (CLP). The third-party validator's 22 

function was to assess and summarize the quality and reliability of the data to determine their 23 
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usability and to document any factors affecting data usability, such as compliance with methods, 1 

possible matrix interferences, and laboratory blank contamination. 2 

4.2.1 Organic Evaluation Criteria 3 

Section 4.2.1 of the Draft Zone A RFI Report discusses the organic evaluation criteria as they 4 

apply to the Zone I RFI. Appendix D includes the complete analytical data set for Zone I. 5 

4.2.1.1 Holding Times 6 

Section 4.2.1.1 of the Draft Zone A RFZ Report discusses organic sample holding times as they 7 

apply to the Zone I RFI. 8 

4.2.1.2 Gas Chromatography/Mass Spectrometer Instrument Performance Checks 9 

Section 4.2.1.2 of the Draft Zone A RFI Report discusses performance standards for VOC and 10 

SVOC analyses as they apply to the Zone I RFI. I I 

4.2.1.3 Surrogate Spike Recoveries 12 

Section 4.2.1.3 of the Drafl Zone A RFI Report discusses organic surrogate compounds as they 13 

apply to the Zone I RFI. 14 

4.2.1.4 Instrument Calibration 15 

Section 4.2.1.4 of the Drofr Zone A RFI Report discusses instrument calibration as it applies to the 16 

organic data evaluation for the Zone I RFI. 17 

4.2.1.5 Matrix SpikeIMatrix Spike Duplicate 18 

Section 4.2.1.5 of the Draft Zone A RFI Report discusses matrix spikesiduplicates as they apply 19 

to the organic data evaluation for the Zone I RFI. 20 
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4.2.1.6 Laboratory Control Samples and Laboratory Duplicates 

Section 4.2.1.6 of the Drufl Zone A RFI Report discusses laboratory control samples and 

laboratory duplicates as they apply to the organic data evaluation for the Zone I RFI. 

4.2.1.7 Blank Analysis 

Section 4.2.1.7 of the Draft Zone A RFI Report discusses blank analysis as it applies to the organic 

data evaluation for the Zone I RFI, 

4.2.1.8 Field-Derived Blanks 

Section 4.2.1.8 of the Drafr Zone A RFI Report discusses fieldderived blank analyses as they 

apply to the organic data evaluation for the Zone I RFI. 

4.2.1.9 Internal Standard Performance 

Section 4.2.1.9 of the Draft Zone A RFI Report discusses internal performance standards as they 

apply to the organic data evaluation for the Zone I RFI. 

4.2.1.10 Diluted Samples 

A special evaluation was performed for diluted samples to determine if method detection limits 

(MDLs) were low enough to be compared to reference concentrations (e.g., Maximum 

Contaminant Levels [MCLs] , Risk-Based Concentrations [RBCs] , etc .) . Table 4.1 lists the diluted 

samples for Zone I. 

4.2.2 Inorganic Evaluation Criteria 

Section 4.2.2 of the Drajl Zone A RFI Report discusses the inorganic evaluation criteria as they 

apply to the Zone I RFI. Appendix D includes the complete analytical data set for Zone 1. 
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4.2.2.1 Holding Times 1 

Section 4.2.2.1 of the Drug Zone A RFI Report discusses inorganic holding times as they apply 2 

to the Zone I RFI. 3 

Table 4.1 
Diluted Samples 

671S300101 OM15 Fluoranthew 3 11,000 

671SB00101 OM15 Fluorene 3 3,300 

677SB00902 00569 Fluorene 2 4.700 

6779800902 00569 Acenaphthene 2 4,600 

677SBM)902 00569 Pyrene 2 3,600 

hWSBW901 CHS28 Acetone 113 6.400 J 

Note: 
pglkg = micrograms per kilogram 
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4.2.2.2 Instrument Calibration 

Section 4.2.2.2 of the Draft Zone A RFIReport discusses instrument calibration as it applies to the 

Zone I RFI. 

4.2.2.3 Blank Analysis 

Section 4.2.2.3 of the Draft Zone A RFI Report discusses bIank analysis as it applies to the Zone I 

RFI . 

4.2.2.4 Inductively Coupled Argon Plasma Interference Check Samples 

Section 4.2.2.4 of the Draff Zone A RFI Report discusses inductively coupled argon plasma 

(ICAP) interference check samples as they apply to the Zone I RFI. 

4.2.2.5 Laboratory Control Samples 

Section 4.2.2.5 of the Draft Zone A RFI Report discusses laboratory control samples (LCS) as they 

apply to the Zone I RFI. 

4.2.2.6 Spike Sample Analysis 

Section 4.2.2.6 of the Draft Zone A RFI Report discusses spike sample analyses as they apply to 

the Zone I RFI. 

4.2.2.7 Laboratory Duplicates 

Section 4.2.2.7 of the Draff Zone A RFI Report discusses laboratory duplicates as they apply to 

the Zone I RFI. 

4.2.2.8 ICAP Serial Dilutions 

Section 4.2.2.8 of the Draft Zone A RFI Report discusses ICAP serial dilutions as they apply to 

the Zone I RFI. 
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4.2.2.9 Atomic Absorption Duplicate Injections and Postdigestion Spike Recoveries 

Section 4.2.2.9 of the Draft Zone A RFI Report discusses atomic absorption (AA) analysis, 

duplicate injections, and postdigestion spikes as they apply to the Zone I RFI. 

4.3 Zone I Data Validation Reports 

The complete Zone I data validation reports and a table of validation qualifiers are included in 

Appendix E. These reports are the outcome of the evaluations described above and are specific 

to the analytical data collected during the Zone I RFI. During data validation review of Zone I 

soil and groundwater analyses, the following per-site deficiencies and/or problems were noted in 

the VOC, SVOC, and metals methods. Although field blanks were site specific, trip, equipment, 

and distilled water blanks were not necessarily specific to the site. 

4.3.1 Soil Blanks 

SWMU 12 - Soil blanks numbered for SWMU 12 for the volatile method contained detectable: 

Methylene chloride in the trip and method blanks. 

Acetone and chloroform in the trip blank. 

SWMW 177- Soil blanks numbered for SWMU 177 for the volatile fraction contained detectable: 

Acetone in the method blank. 

Chloroform in the equipment and distilled water blanks. 

Carbon disulfide in the trip blank. 

Blanks for the semivolatile fraction contained detectable: 

Phenol, diethylphthalate, and bis(2-Ethyhexy1)phthalate in the distilled water blank. 

Bis(2-Ethylhexy1)phthalate in the equipment blank. 
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Blanks for the metals fraction contained detectable: 

Aluminum, antimony, barium, beryllium, cadmium, calcium, chromium, copper, iron, 

magnesium, manganese, potassium, sodium, thallium, tin, and zinc in the method blank. 

Barium, calcium, iron, magnesium, manganese, potassium, sodium, and zinc in the 

equipment blank. 

BerylIium, iron, sodium, and zinc in the distilled water bIank. 

AOC 671 - Soil blanks numbered for AOC 671 for the volatile fraction contained detectable 

chloroform in the distiIled water and equipment blanks. 

Blanks for the metals fraction contained detectable: 

Aluminum, barium, calcium, magnesium, manganese, potassium, sodium, and zinc in the 

distilled water and equipment blanks. 

Copper in the distilled water blank. 

AOC 673 - Soil blanks numbered for AOC 673 for the vofatile fraction contained detectable: 

Acetone in the method blank. 

Chloroform and methylene chloride in the distilled water and equipment blanks. 

Methylene chloride in the trip blank. 

Blanks for the semivolatile fraction contained detectable di-n-butylphthalate in the distilled water 17 

and equipment blanks. 18 

Blanks for the metals fraction contained detectable: 19 

Aluminum, barium, calcium, lead, potassium, sodium, and zinc in the distilled water and 20 

equipment blanks. 21 

Iron and manganese in the equipment blank. 22 
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AOC 678 - Soil blanks numbered for AOC 678 for the volatile fraction contained detectable: 

Carbon disulfide and methylene chloride in the equipment blank. 

Chloroform in the distilled water, equipment, and trip blanks. 

Blanks for the metals fraction contained detectable: 

Aluminum, barium, caIcium, copper, iron, lead, magnesium, manganese, potassium, 

sodium, vanadium, and zinc in the distilled water and equipment blanks. 

Antimony and cobalt in the equipment blank. 

AOC 679 - Soil blanks numbered for AOC 679 for the volatile fraction contained detectable: 

Methylene chloride in the method blank, 

Acetone, chloroform, and methylene chloride in the trip blank. 

AOC 680 - Soil blanks numbered for AOC 680 for the volatile fraction contained detectable: 

Acetone and 2-butatone and carbon disulfide in the trip blank. 

Carbon disulfide in the equipment and distilled water blanks. 

Chloroform in the distilled water blank. 

Blanks for the semivolatile fraction contained detectable bis(2-Ethylhexy1)phthalate in the 

equipment blank. 

Blanks for the metals fraction contained detectable: 

Beryllium, cadmium, lead, manganese, nickel, sodium, and zinc in the method blank. 

Cadmium, iron, manganese, nickel, potassium, sodium, and zinc in the distilled water blank. 

Antimony, barium, cadmium, magnesium, manganese, potassium, sodium, and zinc in the 

equipment blank. 
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AOC 681 - Soil blanks for AOC 681 for the volatile fraction contained detectable: 

Methylene chloride in the trip and method blanks. 

Acetone in the method blank. 

AOC 687 - Soil blanks numbered for AOC 687 for the volatile fraction contained detectable: 

Methylene chloride in the method and trip blanks. 

Chloroform and toluene in the trip blank 

Acetone in the method blank. 

AOC 690 - Soil blanks for AOC 690 for the volatile fraction contained detectable: 

Acetone in the trip and method blanks. 

Chloroform in the distilled water and equipment blanks. 

Methylene chloride in the trip blank. 

Blanks for the metals fraction contained detectable: 

Aluminum, barium, calcium, lead, manganese, potassium, sodium, and zinc in the distilled 

water and equipment blanks. 

Iron in the distilled water blank. 

DMA - Soil blanks for the DMA for the volatile fraction contained detectable: 

Acetone and methylene chloride in the method and trip blanks. 

Carbon disulfide in the trip blank. 

Chloroform in the distilled water, equipment and trip blanks. 

Methylene chloride in the distilled water and equipment blanks. 

Blanks for the semivolatile fraction contained detectable di-n-butylphthalate in the equipment 

blank. 
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Blanks for the metals fraction contained detectable: 

Aluminum, barium, calcium, copper, lead, magnesium, potassium, sodium, and zinc in the 

distilled water and equipment blanks. 

Iron and manganese in the equipment bIank. 

4.3.2 Groundwater Blanks 

SWMU 12 - Groundwater blanks numbered for SWMU 12 (fourth-round groundwater samples) 

for the volatile fraction contained detectable methylene chloride and xylene in the trip blank. 

Blanks for the metals fraction contained detectable antimony, cadmium, calcium, cyanide, iron, 

and silver in the method blank. 

AOC 671 - Groundwater blanks numkred for AOC 671 (first-round groundwater samples) for 

the volatile fraction contained chloroform and methyiene chloride in the field blank. 

Blanks for the semivolatile fraction contained detectable: 

di-n-butylphthalate in the field and method blanks. 

N-nitrodimethylamine in the field blank. 

Blanks for the metals fraction contained aluminum, antimony, barium, cadmium, calcium, 

chromium, iron, manganese, potassium, sodium, and zinc in the method blank. 

Groundwater blanks numbered for AOC 671 (third-round groundwater samples) for the metals 

fraction contained detectable: 

Aluminum, barium, calcium, manganese, potassium, sodium, vanadium, and zinc in the 

distilled water, equipment, and field blanks. 

Iron, silver, and tin in the distilled water, field, and method blanks. 
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Copper in the field blank. 

Vanadium in the method blank. 

AOC 675 - Groundwater blanks numbered for AOC 675 (first-round groundwater samples) for 

the volatile fraction contained detectable: 

Methylene chloride in the trip blank. 

TricNorotrifluoroethane was the method blank. 

Groundwater blanks numbered for AOC 675 (second -round groundwater samples) for the volatile 

fraction contained detectable: 

Acetone and rnethylene chloride in the trip and method blanks. 

Bromodichloromethane in the distilled water, equipment, field, and trip blanks. 

Carbon disulfide in the field and trip blanks. 

BIanks for the semivolatile fraction contained detectable bis(2-Ethy1hexyl)phthalate in the distilled 

water, equipment, and field blanks. 

Blanks for the metals fraction contained detectable: 

Aluminum, barium, calcium, manganese, and sodium in the method blank. 

Zinc in the equipment and field blanks. 

Lead in the distilled water and field blanks. 

Iron in the distilled water blank. 

Groundwater blanks nwnbered for AOC 675 (fourth-round groundwater samples) for the volatile 20 

fraction contained detectable: 21 

Chloroform in the distilled water, equipment, and field blanks. 22 

Methylene chloride in the trip and method blanks. 23 
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Acetone in the method blank. 

Bromodichloromethane in the field blank. 

Groundwater blanks numbered for AOC 676 (fourth-round groundwater samples) for the volatile 

fraction contained detectable: 

Chloroform in the distilled water, equipment, and field blanks, 

Methylene chloride in the trip and method blanks. 

Acetone in the method blank. 

Bromedichloromethane in the field biank. 

Blanks for the semivolatile fraction contained detectable bis(2-Ethylhexy1)phthalate in the distilled 

water, equipment, and fieId bIanks. 

Groundwater Grid-Based Samples - Blanks numbered for the first-round of groundwater grid- 

based samples for the volatile fraction contained detectable: 

Acetone and methylene chloride in the distilled water, equipment, field, trip, and method 

blanks. 

Chloroform in the distilled water, equipment, field, and trip blanks. 

Xylene in the method biank. 

Blanks for the semivolatile fraction contained detectable di-n-butylphthalate in the distilIed water 

and method blank. 

Blanks for the metals fraction contained detectable aluminum, antimony, barium, calcium, 

chromium, copper, iron, lead, magnesium, manganese, potassium, sodium, and zinc in the 

distilled water, equipment, and field blanks. 
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Blanks numbered for the second-round of groundwater grid-based samples for the volatile fraction 

contained detectable: 

Acetone and methylene chloride in the equipment, field, trip, and method blanks. 

Chloroform in the distilled water, equipment, field, and trip blanks. 

Carbon disulfide in the equipment and trip blanks. 

Xylene in the trip blank. 

Blanks for the semivolatile fraction contained detectable: 

Bis(2-Ethylhexy1)phthalate in the distilled water, field, and method blanks. 

Diethylphthalate in the field, equipment, and method blanks. 

Dimethylphthalate in the method blank. 

Blanks for the metals fraction contained detectable: 

Potassium and sodium in the equipment and method blanks 

Nickel in the field blank. 

Blanks numbered for the third-round of groundwater grid-based samples for the volatile fraction 

contained detectable: 

Bromodichloromethane and chIoroform in the distilled water, equipment, field, and trip 

blanks. 

Acetone in the equipment, trip, and method blanks. 

Carbon disulfide in the field and trip blanks. 

Methylene chloride in the trip and method blanks. 

Blanks for the semivolatile fraction contained detectable bis (2-Ethylhexy1)phthalate in the distilled 

water and method blanks. 
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Blanks for the metals fraction contained detectable: I 

Aluminum, barium, calcium, manganese, potassium, sodium, and zinc in the distilled water, 2 

equipment, and field blanks. 3 

Lead and vanadium in the distilled water, equipment, and field blanks. 4 

Antimony, barium, chromium, cobalt, iron, mercury, selenium, and vanadium in the method 5 

blank. 6 

Blanks numbered for the fourth round of grid-based groundwater samples for the volatile fraction 7 

contained detectable: 8 

Acetone in the distilled water, equipment, field, and method blanks. 9 

Methylene chloride in the distilled water, field, trip, and method blanks. 10 

Chloroform in the distilled water, equipment, field, and trip blanks 11 

Carbon disulfide in the field blank. 12 

Bromodichloromethane in the trip blank. 13 
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5.0 DATA EVALUATION AND BACKGROUND COMPARISON 

This section describes the approach and technical methods used to determine the nature and extent 

of all chemicals present in site samples (CPSSs) of soil and groundwater at Zone I, and to compare 

concentrations of inorganics in site samples to naturally occurring background concentrations. 

Nature and extent were evaluated to determine the overall distribution of constituents detected on 

micro (site-specific) and macro (zone wide) scaIes. In addition, these data will be used to assess 

basewide conditions and the relationship of contaminants between zones across CNC. 

I 

Types of chemicals detected at Zone I include VOCs, SVOCs, pesticides (including OP 

pesticides), PCBs, herbicides, organotins, dioxins, petroleum hydrocarbons, and inorganics. 

Detected concentrations were compared to corresponding RBCs listed in the USEPA Region 111 

Risk-Based Concentration Table (April 15, 1998) to: (-1) evaluate the significance of the detections; 

(2) determine the need for additional sampling to defrne the extent of contamination; and (3) 

develop investigative endpoints. Detected inorganic concentrations were also compared to 

corresponding background concentrations specific to Zone I. The comparisons pertain only to the 

protection of human health and do not address protection of ecological receptors. Risk to the 

ecosystem from the onsite contaminants is assessed in Section 8. 

Site-specific nature and extent evaluations for Zone I AOCs and SWMUs are detailed in Section 10 

of this report. 

5.2 Organic Compound Analytical Results Evaluation 

Concentrations of organic compound concentrations in Zone I soil and groundwater samples were 

compared to RBCs. Information was also compiled on each compound's frequency of detection 

and its mean and range of detected concentrations (see Section 10). 
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For screening purposes, concentrations of dioxin congeners and carcinogenic polynuclear aromatic 

hydrocarbons (cPAHs) were converted to 2,3,7,8-TCDD equivalency quotients (TEQs) and 

benzo(a)pyrene equivalents (BEQs), respectively, in accordance with recent WSEPA guidance. 

Section 5.1 of the Drafl Zone A RFI Report details the guidance and procedures followed during 

the Zone I RFI. 

5.2 Inorganic Analytical Results Evaluation 

Inorganic sample analytical results are often difficult to evaluate because inorganics are naturally 

occurring and ubiquitous in soil, and frequently present in groundwater. Further, CNC was 

predominantly built on artificially placed dredgelfill material, compounding the difficulty of 

assessing natural site conditions. The following describes the step-by-step procedures used to 

determine background for inorganics in soil and groundwater at Zone I and the approach for 

comparing background data to site data. 

Many naturally occurring elements, particularly the carcinogenic inorganic arsenic are typically 

detected at concentrations much higher than their corresponding risk-based screening levels, It 

is usually necessary to supplement site-specific sampling efforts with an attempt to determine the 

non-site-related concentrations of these chemicals. The problem is how to determine these 

background concentrations, and how much higher than background a specific site parameter must 

be before it is of concern. USEPA Region IV guidance on this subject recommends using twice 

the mean of the background sample concentrations for each inorganic as an upper limit, 

considering any site-related values higher than this limit to represent contamination. Although this 

method is appropriate with small data sets, it would be less appropriate to use with the relatively 

large grid-based background data sets developed for soil (15 soil borings) and groundwater (19 

shallowdeep well pairs) at Zone I. The larger data sets allowed the use of more sophisticated 

statistical tests. 
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Where possible, EnSafe used a dual testing procedure to compare site-specific inorganic values 

to those of the grid-based background data sets. Parametric or nonparametric upper tolerance 

limits (UTLs) were calculated and used as reference concentrations in combination with Wilcoxon 

rank sum tests to compare surface soil and shallow groundwater. Due to the small size of the 

subsurface soil background data sets (six samples), twice the mean concentrations of subsurface 

soil constituents in grid samples served as their background concentration. Although background 

values were calculated for inorganics in deep groundwater, no deep monitoring wells were 

installed at Zone I AOCs or SWMUs. Background concentrations were calculated according to 

established procedures developed for CNC, in consultation with the project team technical 

subcommittee at their meeting on June 9, 1997, and in subsequent telephone conferences, 

5,2,1 Grid-Based Background Data Sets 

The background data set for Zone I surface soil consisted of 15 grid-based samples (GDISB00201; 

GDISB00501 to GDISB01801). The subsurface soil background data set consisted of six 

grid-based samples (GDIS301202 to GDISBO 1502; GDISB01702 to GDISBO 1802). The 

background data set for shallow groundwater was derived from four rounds of samples from each 

of 19 monitoring wells (GDI001 to GDI019) as was the data set for deep groundwater (GDIOlD 

to GDI19D). Figures 3.1 and 3.2 in Section 3 depict the Zone I grid-based soil and groundwater 

sample locations, respectively. 

Descriptive statistics were compiled for the original data values, including frequency distribution 19 

histograms and normal probability plots. Results were examined and, where appropriate 20 

(i.e., histogram positively skewed; normal probability plot concave upward; high skewness and 21 

kurtosis), data were transformed into natural logarithms (NL) or square roots of their original 22 

values to more closely approximate normal distributions. Descriptive statistics of the transformed 23 

data were compared to those of the originals to determine the best approximations of normal 24 

distributions. Four of the eight surface soil data sets that were analyzed parametrically required 25 
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transformation before analysis, as did ail four of the shallow groundwater and the single deep I 

groundwater data sets that were analyzed parametrically. Data sets that could not be transformed 2 

to approximate normal distributions were analyzed nonparametrically. As explained above, 3 

background values for subsurface soil constituents consisted of twice their mean concentrations. 4 

It has been suggested that lognormal data indicate the presence of contamination in the samples 5 

at the high end of the range. However, "EPA's experience with environmental concentration data 6 

. .. suggests that a lognormal distribution is generally more appropriate as a default statistical 7 

model than the normal distribution, a conclusion shared by researchers at the United States 8 

Geological Survey " (USEPA, 1992a). 9 

Many of the background data sets examined were more nearly lognormal than normal. It is more 

reasonable to assume that lognormal background distributions of chemical concentrations are the 

norm for CNC than to assume the data sets document a background contaminated in comparable 

fashion by numerous inorganics at different depths in both soil and groundwater. However, a few 

potential outliers did appear at the high ends of some of the data sets, and it was important to 

diminate them to preserve the integrity and utility of the background data. Normally, outliers 

should be removed from a data set only in unusual circumstances and with specific reasons for 

each removal. In lognormal or square-root distributions, even apparently extreme values may fit 

a straight line on a normal probability plot of transformed data. Statistical rules of thumb for 

outlier removal generally are based on sample variance, and include methods such as the "rule of 

the huge error" (Taylor, 1990), in which a11 values greater than four standard deviations above the 

mean are discarded, as well as Rosner's test, Dixon's test, the Shapiro-Wilk test, and others 

(Gibbons, 1994). 

Because of concerns about inadvertently including contaminated samples in the background data 23 

sets, outliers were eliminated more readily than many standard statistical guidelines would suggest. 24 
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After consultation with the project team, outliers were removed on a chemical-by-chemical basis, 

descriptive statistics were recalculated for each chemical's data set, and the resulting modified data 

sets were used for all further comparisons to background. 

5.2.2 Nondetect Data 

Following guidelines in various USEPA documents, one-half of the sample quantitation limit 

(SQL) was used to represent nondetect (ND) values of inorganics in the data sets. In practice, this 

meant using one-half of the U values reported by the analytical laboratory and confirmed by the 

validator. Analytical results qualified R or UR were considered unusable and were not included 

in the data sets, 

5.2.3 Developing Data Sets for Sites 

For comparison to background, results of samples from the AOCs and SWMUs were assembled 

into data sets for each chemical of interest from surface and subsurface soils, and from shallow 

groundwater. Other than the grid-based deep monitoring wells, no deep groundwater wells were 

installed at AOCs or SWMUs in Zone I. 

5.2.4 Comparing Site Values to Background 

Section 5.2.4 of the Drafr Zone A RFIReport discusses statistical hypothesis testing for comparing 

site concentrations to background. It presents USEPA's suggested "twice the mean" approach and 

compares it to more powerful statistical approaches that can be used in its place. It also 

recommends a dual testing strategy to detect different types of site contamination, which involves 

a toIerance-interval test and the Wilcoxon rank sum test. 
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5.2.5 Tolerance IntervaI or Reference Concentration Test 

Individual data values from a site can be compared to a high percentile (95th, 98th, 99th) of 

background values. Parametric comparisons can be made to a specified percentile of the 

background values, obtained from either a normal probability chart of original or transformed 

values. Similarly, standard methods of estimating quartiIes (Gilbert, 1987) may be used. 

Nonparametric comparisons can also be made to a percentile of the background values themselves, 

rather than to an assumed distribution of this data. 

Rather than comparing site values to specific percentiles of the background data, they can be 

compared to estimated tolerance intervals that enclose a specified percentage of the background 

population. A one-sided tolerance interval with 95 % coverage and 95 % confidence signifies that 

approximately 95 % of individual population values fall below the upper limit of the interval, with 

95 % confidence. Once the interval is constructed, each site sample is compared to the UTL, or 

background concentration (USEPA, 1992a). Any value that exceeds the limit is considered 

evidence of contamination at that point. 

A roughly lognormal distribution of background values allows the use of parametric tolerance 

intervals, using LN-transformed values, when the nondetect percentage is low. Individual sample 

values are compared to a UTL or reference concentration that is calculated using the expression: 

explX + k (s)l 

Where: 

X = mean of LN-transformed background values 

s = standard deviation of LN-transformed values 

k = tolerance factor 
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When a square-root data transformation is used, the comparable expression is: 

For original (untransformed) data values, the expression reduces to: 

X + k (s) 

The tolerance factor, k,  is obtained from tables with specified levels of a and Po, where (1 - Po) 

equals the proportion of the population contained within the tolerance intervals (the coverage). 

For a given set of a and Po, k depends on the sample size, n. For n = 15 (the background sample 

size for surface soil in Zone I), k = 2.566 when a = 0.05 and Po = 0.05 (confidence = 95 % , 

coverage = 95 %). Based on these numbers, the UTL for original (untransformed) background 

concentration values of a given element is therefore: 

UTL = mean + 2.566 (standard deviation) 

According to a USEPA statistical training course manual (USEPA, 1992b), "Tolerance intervals 

can be computed with as few as three data values; however, to have a passable estimate of the 

standard deviation, one should probably have at least 8 to 10 samples." Outliers were first 

identified and removed from the data sets, as explained in Section 5.2.1. A UTL, or background 

reference concentration, was then calculated for the revised data set of each chemical in surface 

soil and shallow and deep groundwater, to be used for background comparisons. Subsurface soil 

background data sets for most Zone I inorganics contain only six samples apiece. Background 

concentrations for these chemicals were computed as twice the mean of the six sample 

concentrations. 
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Where a significant proportion (> 50%) of the samples were ND, or where transformed values 

did not approximate a normal distribution, means and standard deviations could not be accurately 

computed, and it became necessary to employ nonpararnetric tolerance intervals. In these 

circumstances, the UTLs or reference concentrations were taken directly from the sample sets, 

rather than from calculations based on the presumed data distributions. In practice, this meant 

using the largest or second-largest observed background value as the standard of comparison, 

depending on the sample size (USEPA, 1992a). As with the parametric calculations, the method 

was applied after outliers were removed. 

The following procedure was applied to the background data sets for soil: 9 

Where NDs 550%, use parametric UTL (where justified by data distribution). 10 

Where 50% < NDs < 90%, use nonparametric UTL: highest or second-highest value in 11 

data set (depending on sample size). 12 

Where NDs 290 % , no valid background value can be determined. 13 

The power of a tolerance-limit test varies according to several factors, such as: (1) the number 14 

of samples assumed to originate from the distribution having the targer mean; (2) the magnitude 1s 

of the shift in the mean; and (3) the distribution of the background sample values. It also depends 16 

on the sample size at each site and the sample size of the background. 17 

5.2.6 Wilcoxon Rank Sum Test 18 

When values for the majority of a site's samples are higher than the mean background value, but 19 

none is dramatically higher, the site samples, as a group, must be shown to be significantly higher 20 

than the background samples, as a group, for contamination to be identified onsite. 21 
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The most commonly prescribed method for comparing two populations is the Student's t-test, 

which determines whether the two population means differ significantly. The t-test was not used 

in this investigation to compare site values to background because it is parametric. A 

nonparametric counterpart to the t-test is the Wilcoxon rank sum test, also known as the Mann- 

Whitney U test. Since it is nonparametric, the two data sets that are compared need not be drawn 

from normal or even symmetric distributions, and the test can accommodate a moderate number 

of nondetect values by treating them as ties (Gilbert, 1987). The Wilcoxon test was used where 

justified by the number of samples (at least four in each data set) and the percentage of detections 

(normally, at least 20 to 25 %). Section 5.2.6 of the Zone A RFI Report describes the Wilcoxon 

rank sum test and the justification for its further use. 

5.2.7 Summary of Statistical Techniques Used 

Techniques that allow the use of statistical inference were chosen wherever possible. Methods 

used are capable of detecting situations where: (a) individual site values are much higher than 

background, or (b) site values are generally higher than background. For situation (a), surface 

soil and groundwater background data values were transformed where appropriate to approximate 

normal distributions, then site values were compared to parametric UTLs consisting of mean plus 

k standard deviations of the background data values, where k depends on sample size. Where the 

percentage of background nondetects was high or an approximately normal distribution could not 

be achieved, nonpararnetric UTLs were used; above 90% nondetects in background, no reliable 

tolerance limits can be determined. For subsurface soil constituents, twice the mean 

concentrations of the background samples served as the background values. 

To account for situation (b) above, the Wilcoxon rank sum test was applied to both soil and 

groundwater results, where appropriate, to compare each group of site values to its corresponding 

background group. Where the Wilcoxon test could not be run due to an insufficient number (less 
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than four) of site and/or background samples, only the tolerance-limit test or the "twice the mean" 

test was performed. 

5.2.8 Combined Results of the Background Concentration and Wilcoxon Rank Sum Tests 

Methods described in Section 5.2.5 identify individual site samples with concentrations 

significantly higher than background, while the method in Section 5 2 . 6  identifies entire sites. If 

the outcome of either test was positive (i.e., significantly higher than background), sample values 

were compared to the corresponding USEPA RBCs for soil and tap-water and, where appropriate, 

carried forward into detailed human health risk assessment (HHRA). Where background 

comparisons could not be carried out for a chemical due to Iack of detections in background 

samples, site concentrations were screened against risk-based concentrations only. 

5.2.9 Conclusion 

The overall approach documented here is conservative for the following reasons: 

The number of background samples for surface soil and groundwater at both depths 

exceeds the minimum recommended in various guidance documents (e . g . , USEPA Risk 

Assessment Guidance WGS],  1989a), producing confidence in the ability to characterize 

background from site-specific concentrations. 

Following procedures described in Section 5.2.1, high values were removed from the 

background data sets whether they were true outliers in the conventional sense or not, 

thereby lowering the total background concentrations to which the site values were 

compared. 

The use of two complementary tests for soil sample results increased the likelihood that 

any contamination would be identified and addressed further. A positive result from either 
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test triggered a detailed HHRA whenever site concentrations exceeded corresponding 

USEPA REiC values. 

The use of twice the mean of background sample concentrations as background 

concentrations generally results in lower background values than justified by more 

sophisticated statistical tests. 

The effect of these factors is to increase the rate of false-positive test results while minimizing the 

rate of false negatives, as explained in Section 5.2.4 of the Zone A RFI Report. 

5.3 Screening Values 

5.3.1 Background Values 

Tables 5.1, 5.3, and 5.4 summarize the steps taken in calculating UTL or background 

concentrations for Zone 1 surface soil, shallow groundwater, and deep groundwater, respectively. 

UTLs were calculated for 16 inorganic chemicals in surface soil, 14 inorganics in shallow 

groundwater, and 13 inorganics in deep groundwater. Table 5.2 presents reference concentrations 

for 14 inorganics in subsurface soil, derived using USEPA's "twice the mean" guideline. In all 

background calculations, ND values were treated as discussed in Section 5.2.2. 

5.3.2 Other Screening Values 

Tables 5.5 and 5.6 present all of the screening values used to evaluate nature and extent, fate and 

transport, and the HHRA for Zone I. Concentrations of chemicals detected in site samples were 

compared to residential soil and tap-water RBCs; soil-to-groundwater and soil-to-air screening 

levels (SSLs); MCLs; saltwater surface water chronic screening values; and background values 

for surface soil, subsurface soil, shallow groundwater, and deep groundwater (Section 5.3.1). 
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Table 5.1 
Charleston Zone I Surface Soil 

Characteristics of Background Data Sets 

Mean Data UTL RBC 

Antimony 15 ND ND NT) ND 3. I 

Barium 14 26.7 None Parametric 54.2 550 

Cadmium 15 0.42 None Nonparametric 0.61 7.8 

Cobalt 15 2.W None Nonparametric 5.8 470 

Cyanide 15 ND ND ND ND 160 

Manganese 15 160 None Nonparameuic 419 160 

Nickel 15 9.27 None Parametric 23.9 160 

Selenium IS 0.76 None Parametric 1.49 39 

Silver 15 - (no valid UTL; NDs > 90%) - - 39 

Thallium 15 ND ND ND ND 0.55 

Tin 15 1.74 None Nonparametric 7.5 4,700 

Zinc 15 53.1 Sqrt Parametric 206 2,300 

Noter 
d 
LN 
mg'kg 
n 
Sqrt 
ND 
RBC 
UTL 

USEPA de facto residential soil level 
natural logrithm 
milligrams per kilogram 
number of samples 
square root 
nondetect 
risk-based concentration 
upper tolerance limit 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 5 -Data Evaluation and Background Comparison 

Table 5.2 
Charleston Zone I Subsurface Soii 

Cbaractuistics of Background Data Sets 

Background Soil-to-Groundwater 
Number of Mean Value SSL 

Chemical Detections (m%k@ (mg;/k@ @@hi9 

Aluminum 6 9,470 18,900 560,000 c 

Antimony 0 ND ND 2.7 

Barium 36.0 820 

I 0.27 0.54 4 

CobaI t 3 1.74 3.48 

Cyanide 0 ND ND 20 

Manganese 118 480 c 

Nickel 5 7.83 15.7 65 

Notes: 
c = calculated soil-to-groundwater SSL (see Table 6.2) 
d = USEPA de facto residential soil level 
mglkg = mifligrams per kilogram 
ND = nondetecs 
SSL = soil screening level 
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Table 5.3 
Charleston Zone I Shallow Groundwater 
Characteristics of Background Data Sets 

Mean Data m e  of UTL MCL 
Chemical n bg/L) Transformation UTL bg/L) bglL)  

Aluminum 74 107 None Nanpammetric 1,440 NL 

Antimony 76 - (no valid UTL; NDs 1 90%) - - 6 

Arsenic 72 63 No% Nonparameuic- 23.11 $0 

Barium 72 41.4 Sqrt Parametric 110 

Cadmium 76 - (no valid UTL; NDs > 90%) 5 

Cobalt 76 1 .1  None Nonparametric 2.2 NL 

Cyanide 76 4.8 None Nonparametric 25.2 200 

Manganese 76 746 LN Parametric 5.430 NL 

Nickel 76 2.9 LN Parametric 13.3 100 

Selenium 76 ND MI ND ND 50 

Silver 76 - (no valid UTL; NDs > 90%) - - NL 

Thallium 76 2.5 None Nonparametric 6.6 # 2 

Tin 76 - (no valid UTL; NDs > 90%) NL 

Zinc 76 7.1 None Nonpararnetric 24.4 NL 

Notes: 
n = number of samples 
LN = natural logarithm 
Sqrt = square root 
gg/L = micrograms per liter 

MCL = maximum contaminant level 
ND = nondetect 
NL = not listed 
UTL = upper tolerance limit 

c = treatment technique action level 

# = thallium UTL set at 2.0 pg /L  pending results of basewide study of thallium in groundwater 
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Table 5.4 
Charleston Zone I Deep Groundwater 

Characteristics of Background Data Sets 

Mean Data T Y P  of UTL MCL 
Chemical n b%L) Transformation UTL bp/U (r-cg/L) 

Aluminum 76 24.7 None Nonparametric 180 NL 

Antimony 76 - (no valid UTL; NDs > 90%) - - 6 

Arsenic 76 3 . 1  None Nonpatmetric 14,2 50 

Barium 72 LN Parametric 347 2000 

Cadmium 76 - (no valid UTL; NDs > 90%) 5 

Cobalt 76 1 .O None Nonparametric 2.3 NL 

Cyanide 75 5.4 None Nonparametric 27.2 200 

Manganese 75 104 None Nonparametric 26 1 NL 

Nickel 75 1.8 None Nonparametric 6.8 100 

Silver 76 ND ND I iD ND NL 

Tin 76 31.9 None Nonparametric 347 NL 

Zinc 74 4.6 None Nonparametric 22.1 NL 

Notes: 
LN = natural logarithm MCL = maximum contaminant level 
n = number of samples ND = nondetect 
pglL = micrograms per liter NL = not listed 
* = treatment technique action level UTL = upper tolerance limit 
# = thallium UTL. set at 2.0 pgIL pending results of basewide study of thallium in groundwater 
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6.0 FATE AND TRANSPORT 

Fate and transport assessment evaluates the ability of chemical constituents to become mobile or 

change in the environment, based on their chemicaI and physical properties and the processes that 

govern their interaction with environmental media. Macroscopic physical characteristics such as 

climate, hydrology, topography, and geology determine weathering and erosional transport 

processes. Microscopic characteristics of site soil, sediment, and water, as well as the chemical 

and physical properties of the constituents, govern the processes of infiltration, advection, 

diffusion, dispersion, erosion, and volatilization that move constituents within or between media, 

A discussion of fate and transport wilI help to identify potential receptors that may be impacted 

by constituent movement in the environment. 

After evaluating Zone I for the above characteristics, four potential routes of constituent migration 

have been identified: 

Constituents leaching from soil to groundwater 

Constituents migrating from shallow groundwater into surface water bodies 

VOCs released from surface soil into air 

Surface soil erosion and runoff of constituents into adjacent sediment deposition zones 

Definitions: 

Infiltration is the movement of water into and through the soil under the influence of gravity and 

capillary attraction. 

Advection is the process by which dissolved substances migrate with moving groundwater. 20 

Hydraulic conductivity, effective porosity, and hydraulic gradient are some of the aquifer 21 

characteristics that determine a chemical's rate of movement by advection. This process is 22 

generally the most important transport mechanism for compounds associated with groundwater, 23 
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D ~ m i o n  is the random process by which solutes are transported from regions of high 

concentration to regions of low concentration due to the concentration gradient. In very fine 

sediments with very low hydraulic conductivities, diffusive transport may be the dominant mode 

of migration. 

Dispersion is the hydrodynamic process by which solutes are mixed with uncontaminated water, 

diluted, and transported preferentially due to heterogeneous properties of the aquifer. 

Longitudinal dispersion can increase contaminant concentration ahead of the advective front. 

Erosion is the process by which particles are suspended and subsequently moved by the physical 

action of water and/or wind. Compounds adsorbed to particulate material are thereby moved 

along with it. 

Volatilization is the process whereby contaminants dissolved in water or present as nonaqueous 

phase liquids evaporate into soiI gas in the vadose zone and/or into the atmosphere. Volatilization 

of solutes is identified by vapor pressures and Henry's law constants. 

6.1 Properties Affecting Fate and Transport 

Numerous chemical and physical properties of constituents and their surrounding media are used 

to evaluate fate and transport mechanisms. 

6.1.1 Contaminant Properties Affecting Fate and Transport 

Chemical and physical properties of constituents used to evaluate fate and transport include vapor 

pressure (VP), density (D), solubility, half-life (T,,J, Henry's law constant (HL), organic 

carbonlwater partitioning coefficient &), and molecular weight (MW). Table 6.1 provides an 

overview of chemical properties and expected behavior in environmental media based on these 

properties. 
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Table 6.1 
Constituent Characteristics Based On 

Chemical and Physical Properties 

Densitya 1 g/cm3 sinks/falls floatslrises 

Henry's law constant 5x10" to 5x10" resistance to mass transfer in resistance to mass transfer in 
atm-m3/mole the aqueous phase the gas phase 

Half-life biologicdly does not degrade readily degrades readily 
dependent 

Organic carbonlwater 10 to 10,000 tends to sorb to organic tends not to sorb to organic 
partitioning coefficienf L,,Jk& material in soil; immobile in material in soil; mobile in 
(Kc) the soil matrix the soil matrix 

Molecular weight 400 g/mole difficult to predict chemical's exhibits predictable behavior 
behavior with respect to the with respect to the properties 
properties listed above. listed above. 

Notes: 
a Critical values were based on literature review and professional judgment. 

Millimeters of mercury 
Atmosphere cubic meters per mole 
Liters of water per kilogram of organic carbon 

Grams per cubic centimeter 
Milligrams per liter 
Grams per mole 
Organic carbonfwater Partitioning Coefficient 
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For each constituent detected in Zone I soil and sediment samples, Table 6.2 lists chemical and 

physical properties needed to compute soil screening levels for protection of groundwater. 

Section 10 discusses AOC- or SWMU-specific fate and transport, migration pathways, and 

potential receptors, 

Compounds with similar chemical and physical properties display similar fate and transport 

behavior, which facilitates grouping them into categories. Section 6.1.1 of the Drafr Zone A RFI 

Report details characteristics affecting fate and transport for the following groups of chemicals: 

v o c s  

s v o c s  

a Pesticides/PCBs 

Chlorinated herbicides 

Chlorinated dibenzodioxins/dibemofirans 

Inorganics 

6.1.2 Media Properties Affecting Fate and Transport 

The properties of environmental media used to evaluate fate and transport are TOC, normalized 

partitioning coefficient (KJ, CEC, redox conditions, pH, soil type, and retardation factor (R). 

These properties are briefly describe below. 

Total Organic Carbon 

TOC indicates the soil's sorptive capabilities. The higher the TOC, the higher the potential for 

a given chemical to sorb to soil particles, particularly for organic compounds. TOC may also be 

expressed in unitless form as the fraction of organic carbon content (f,) of the soil (e.g., grams 

of solid organic carbon per gram of dry soil). 



Table 6.2 
Soil to Groundwater and Soil-to-Air Soil Screening Levels 
Chemicals Detated in Surface Soil, Subsurfncc Soil, and Sediment 
Charleston Naval Complex 
Charleston, South Carolina 

Site-Specific Parameters: 
Fraction Organic Carbon (--) : 0.002 

Dilution Factor (--) : 10 
Dry Soil Bulk W i t y  (k&) : 1.5 
Water-filled Soil Porosity (--) : 0.3 

Air-filled Soil Porosity (--) : 0.13 
Soil Porosity (--) : 0.43 

Volatilt Organic Compounds 
Acetone (2-Propanone) 
Acetonitrile 
Benzene 
2-Butanone (MEK) 
Carbon disulfide 
Chlorobenzene 
Chlommethane 
I ,  I-Dichloroethene 
1,2-Dichloroethene (total) 
Mcthylene chloride 
Propionitrile 
T~chloroethene 
Toluene 
Trichloroethene 
Trichlorofluoromethane (CFC- I 1 ) 
Trichlorotrifluoroethane (Freon 1 13) 
Xylene (total) 

Semivolatile Organic Compounds 
Acenaphthene 
Acenaphthylene 
Acetophenone 
4-Aminobipheny l 
Anthracene 
Benzoic acid 
Benzo(g,h,i)perylene 
Benzo(a)pyrene equivalents (BEQs) 

Benzo(a)mthracene 
Benzo(a)~yr~nc 
Benzo(b)fluoranthene 
&nzo(k)fluoranthene 
Chryscne 
Dibenro(a.h)anthmcene 
Indeno(l,2,3-cd)pyrene 

Butylbetuylphthalate 
Chlorobcnzilate 
Dibenzofuran 
Di-n-butylphthalate 
Diethylphthalate 
Di-n-octylphthalate 
bis(2-Ethylhexyl)phthalate (BEHP) 
Ethyl methacrylate 
Fluolanthene 
Fluorem 
Isodrin 
Isophomne 
Methapyrilene 
I-Methylnaphthalene 
2-Methylnaphthalene 
2-Methylphenol (0-cresol) 
3-Methylphenol (m-cresol) 
4-Methylphenol (pcresol) 
Naphthalene 
3-Nitroaniline 
N-Nitrosodimethylamine 

Dimension- Organic 
less Carbon USEPA 

Henry's Water Acceptable Calculated Generic 
Law Part. Tap Ground- Target Zonewide Soil to GW Soil to 

Constant Coeff Water MCU water Leachate Soil to GW SSL Air 
[W] [Koc] REC MCLG Conc. Conc. SSL (DAF-20) SSL 
- ( M g )  (mgk) (mgn) (m@) (mfi/kg) (mgtks) ( m a g )  

1.59E-03 5.75E-01 3.7 NL 3.7 37 7.4 16 100000 
1.40E-03 4.70E-01 0.22 NL 0.22 2.2 0.44 NL NDA 
2.288-01 5.89EWl 0.00036 0.005 0.005 0.05 0.0169 0.03 0.8 
2.30E-03 1.91E+00 1.9 NL 1.9 19 3.88 NL NDA 
1.24E+00 4.57Ei-01 I NL I 10 3.99 32 720 
1.52E-01 2.19Ei-02 0.035 NL 0.035 0.35 0.228 I 130 
3.6OE-01 6.5OE4-W 0.0015 NL 0.0015 0.015 0.00366 NL 0.063 
1.07E4-W 5.89E+01 4.4B05 0.007 0.007 0.07 0.0287 0.06 0.07 

NDA NDA 0.055 NL 0.055 0.55 N A NL t 200 
8.98E-02 1.17E+01 0.0041 NL 0.0041 0.041 0.0095 0.02 13 

NDA NDA NL NL NA NA N A NL NDA 
7.54E-01 1.55E+02 0.001 1 0.005 0.005 0.05 0.0288 0.06 I I 
2.72B01 1.82E+02 0.75 I I 10 5.9 12 650 
4.22E-01 1.66EM2 0.0016 0.005 0.005 0.05 0.0284 0.06 5 
4.00E+00 1.20E+02 1.3 NL 1.3 13 10.2 NL 790 

NDA NDA 59 NL 59 590 NA NL 2400 
2.48E-01 2.40EM2 12 10 10 100 70. I NL 320 

6.36E-03 7.08E+03 2.2 NL 2.2 22 316 570 NDA 
4.50E-03 3.10E+03 1.5 NL 1.5 15 96 NL NDA 
4.50E-04 4.10E+OI 4.28-05 NL 4.2505 0.00042 0.00012 NL ND A 

NDA NDA NL NL NA NA N A NL ND A 
2.67E-03 2.95EM4 I I NL I I 1 I0 6512 12000 ND A 
6.31E-05 6.00E-01 I50 NL 150 1500 302 400 NDA 
5.70E-06 3.90E4-06 1.5 NL 1.5 15 117003 NL NDA 
6.038-07 3.98E+05 9.2E-06 0.0002 0.0002 0.002 1.59 NL ND A 
1.378-04 3.98E+05 9.2E-05 NL 9.2E-05 0.00092 0.73 2 ND A 
4.63GO5 I.O2E+06 9.28-06 0.0002 0.0002 0.002 4.08 8 NDA 
4.55G03 1.23E+06 9.2805 NL 9.2E-05 0.00092 2.26 5 NDA 
3.40E-05 1.23E+06 0.00092 NL 0.00092 0.0092 22.6 49 NDA 
3.88E-03 3.98EM5 0.0092 NL 0.0092 0.092 73 160 NDA 
6.03E-07 3.80E+06 9.2E-06 NL 9.2E-M 9.2E-05 0.70 2 NDA 
6.56E-05 3.47E+06 9.2E-05 NL 9.2-5 0.00092 6.4 14 NDA 
5.17E-05 5.75EW 7.3 NL 7.3 73 8410 930 930 
3.70E06 2.00EM4 0.00025 NL 0.00025 0.0025 0.101 NL NDA 
5.30E-04 1.40EW 0.024 NL 0.024 0.24 6.8 NL 120 
3.85608 3.39EW 3.7 NL 3.7 37 2516 2300 2300 
1.85E-05 2.88E+02 29 NL 29 290 225 470 2000 
2.74E-03 8.32E+07 0.73 NL 0.73 7.3 1.21E+06 tDOOO loo00 
4.18E06 1.51Ei-07 0.0048 0.006 0.006 0.06 1812 3600 31000 
3.40E-02 3.70EMl 0.55 NL 0.55 5.5 1.5 NL NDA 
6 . 6 0 W  1.07E+05 1.5 NL 1.5 15 3213 4300 NDA 
2.61M3 1.38E+04 1.5 NL 1.5 15 417 560 NDA 

NDA NDA NL NL NA NA N A NL NDA 
2.72E-04 4.68EM1 0.07 NL 0.070 0.700 0.206 0.5 0.25 

NDA NDA NL NL NA NA N A NL NDA 
1.60E-02 2.30EiU3 1.5 NL 1.5 15 72 NL NDA 
2.lOE-02 7.5OEi-03 1.5 NL 1 .5 15 228 NL NDA 
4.92E05 9.12Et01 1.8 NL 1.8 18 6.9 I5 NDA 
3.50E-05 8.50E+OI 1.8 NL I .8 18 6.7 NL NDA 
3.20E-05 8.50E+OI 0.18 NL 0.18 1.8 0.67 NL NDA 
1.98B-02 2.00E+03 1.5 NL 1 .S IS 63 84 ND A 
5.70E-06 2.20ENI 0.1 1 NL 0.1 1 1.1 0.268 NL NDA 
4 90M5 2.80EOI 1.3E-06 NL 1.3E-06 1.3E05 2.6E-06 NL NDA 



Table 6.2 
Soil to Groundwater and Soil-to-Air Soil Screening Levels 
Chemicals Dctccted in Surface Soil. Subsurface Soil, and Sediment 
Charleston Naval Complex 
Charleston, South Carolina 

Site-Specific Parameters: 
Fraction Organic Carbon (--) : 0.002 

Dilution Factor (--) : 10 
Dry Soil Bulk Density ( k a )  : 1.5 
Water-filled Soil Porosity (--) : 0.3 

Air-filled Soil Porosity (--) : 0.13 
Soil Porosity (--) : 0.43 

N-Nitroso-di-n-propylamine 
Pentachlorophenol 
Phenanthrene 
Py rene 

Pesticidc/PCB Compounds 
Aldrin 
Aroclor 1260 
alpha-BHC (alpha-HCH) 
beta-BHC (beta-HCH) 
delta-BHC (delta-HCH) 
gamma-BHC (Lindane) 
Chlordane 
alpha-Chlordane 
gamma-Chlordane 
4.4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan I1 
Endos~lfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 

Organopbospbate Pesticides 
Dimethoate 
Disulfoton 
Famphur 
Methyl parathion 
Parathion 
Phorate 

Herbicides 
2,4-D 
2,4,5-T 
2.4,s-TP (Silvex) 

Dioxin Compounds 
2,3,7,8-TCDD equivalents (TEQs) 

123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
1234678-WpCDD 
OCDD 
2378-TCDF 
12378-PeCDF 
23478-PeCDF 
123478-HxCDF 
123678-HxCDF 
123789-HxCDF 
234678-HxCDF 

Dimension- Organic 
e Carbon USEPA 

Henry's Water Acceptable Calculated Generic 
Law Part. Tap Ground- Target Zonewide Soil to GW Soil to 

Constant Coeff. Water MCLI water Leachate Soil to GW SSL Air 
[H'] [Koc] RBC MCLG Conc. Conc SSL {DAF=20} SSL 
- 1  (f ig) (mgk) (mi&) (mg/L) (ma) (Wkg)  ( m a g )  (rngkg) 

9.23E-05 2.40EWl 9.6E-06 NL 9.6E-M 9.6E-OS 2.388-05 5E-05 NDA 
!.ME-06 5.92E+02 0.00056 0.001 0.001 0.01 0.014 0.03 NDA 
9.40E-04 3.00E+04 1.1 NL 1.1  I I 662 NL ND A 
4.51E-04 I .05E+05 1.1 N L 1 .1  I1 23 12 4200 NDA 

6.97E-03 2.45E+06 4E-06 NL 4E-06 4E-05 0.196 0.5 3 
NDA 3.09E+05 3.30E-05 0.0005 0.0005 0.005 3.091 1 I 

4.35B04 1.23E+03 l.fE-05 NL l . lE45 0.0001 1 0.00029 0.0005 0.8 
3.05605 1.26E+03 3.7505 NL 3.7E-05 0.00037 0.00101 0.003 IOOOOOO 
1.80E-05 2.30EW3 3.7E-05 NL 3.7E-05 0.00037 0.001 78 NL NDA 
5.74E04 1.07EW3 5.2E-05 0.0002 0.0002 0.002 0.00468 0.009 NDA 
1.99E-03 1.20Efl5 0.00019 0.002 0.002 0.02 4.80 I0 20 
1.99E-03 1.20EW5 0.00019 0.002 0.002 0.02 4.80 10 20 
1.99E-03 1.20E+05 0.00019 0.002 0.002 0.02 4.80 I0 20 
1.64E-04 I.ME+06 0.00028 NL 0.00028 0.0028 5.6 16 NDA 
8.61E-04 4.47E+06 0.0002 NL 0.0002 0.002 17.9 54 NDA 
3.32E-04 2.63E+06 0.0002 NL 0.0002 0.002 10.5 32 1OOOOOO 
6.19804 2.14E+04 4.2E-06- NL 4.2E-06 4.2605 0.00181 0.004 I 
4.59E-04 2.14EW3 0.22 NL 0.22 2.2 9.9 18 NDA 
4.59E04 2.14E+03 0.22 NL 0.22 2.2 9.9 18 ND A 
8.60E-02 9.50Ei-02 0.22 NL 0.22 2.2 4.6 NL ND A 
3.08E-04 1.23EM 0.01 1 0.002 0.002 0.02 0.496 1 NDA 

NDA 8.50E+03 0.01 1 0.002 0.002 0.02 0.344 1 ND A 
6.07ENI 1.41Et06 2.3E-06 0.0004 0.0004 0.004 k1.3 23 0. I 
3.90604 8.32E+04 1.2E-06 0.0002 0.0002 0.002 0.333 0.7 5 
6.488-04 9.77EtO4 0.18 0.04 0.04 0.4 78 160 NDA 

2.50E-09 4.80Em 0.0073 NL 0.0073 0.073 0.015 NL NDA 
1.60E-04 8.00E+03 0.00024 NL 0.00024 0.0024 0.039 NL ND A 

NDA NDA NL NL NA NA N A NL NDA 
4.10E-06 7.00EM2 0.0091 NL 0.0091 0.091 0.146 NL 28 
2.30-5 6.00E+03 0.22 NL 0.22 2.2 26.8 NL 110 

NDA 5.50EW3 0.0073 NL 0.0073 0.073 0.818 NL ND A 

4.10E-07 1.65Ei-02 0.061 0.07 0.07 0.7 0.371 NL 7000 
NDA NDA 0.37 NL NA NA N A NL ND A 

3.20&09 5.50Ei-03 0.29 0.05 0.05 0.5 5.60 NL ND A 

3.28-03 2.7E+06 4.5E-I0 3EO8 3E-08 3E-07 0.0016 NL NDA 
3.2E-03 4.6E+07 4.5E-09 NL 4.5E-09 4.5E-08 0.0041 NL NDA 
3.2E-03 4.6EN7 4.5E-09 NL 4.58-09 4.5E-08 0.0041 NL NDA 
3.2E-03 4.6E+07 4.5E-09 NL 4.56-09 4.5E-08 0.0041 NL NDA 
3.2E-03 1.2E+08 4.5E-08 NL 4.5E-08 4.5E-07 0.1ORO NL NDA 
3.2E-03 1.2E+08 4.5E-07 NL 4.5E-07 4.58-06 1.08CU NL NDA 
3.2E-03 2.7Ei-06 4.5E-09 NL 4 58-09 4.5E-08 0.0002 NL NDA 
3.28-03 4.3E+06 8.9609 NL 8.9E-09 8.9608 0.0008 NL ND A 
3.2E-03 6.5E+06 8.9Er10 NL 8.9E-10 8.9E-09 0.0001 NL NDA 
3.2M3 2.4E+09 4.5E-09 NL 4.5E-09 4.5E-08 0.2160 NL ND A 
3.2E-03 2.4E+09 4.58-09 NL 4.5E-09 4.5E-08 0.2160 NL ND A 
3.2E-03 2.4EM9 4.5609 NL 4 5E-09 4.5E-08 0.2160 NL NDA 
3.2E-03 2.4Ei-09 4.5E-09 NL 4.5609 4.5E-08 0.2160 NL NDA 



Table 6.2 
Soil to Groundwater and Soil-to-Air Soil Screening Levels 
Chemicals Detected in Surface Soil, Subsurface Soil, and Sediment 
Charleston Naval Complex 
Charleston. South Carolina 

Notes: 
Henry's Law Constant (H') and Organic Carbon Water Partitioning Coefficient (Koc) - From USEPA Soil Screening Guidance: Usefs Guide, 

Attachment C, April 19% (first preference); Superfund Chemical Data Matrix (SCDM), June 1996 (second preference); or Texas 
Risk Reduction Program Concept Document 2, Volume I. Appendix Vll, December 1996; TERRA model, Oak Ridge National 
Laboratory, 1984 (for Kd values for inorganics) 

Tap Water RBC - From USEPA Region 111 Risk-Based Concentration Table, April 1998 
MCUMCLG - Fmm USEPA Drinking Water Regulations and Health Advisories, October 1996 
Acceptable Groundwater Concentration - MCWMCLG if available, otherwise tap water RBC 
Target Leachate Concentration - Acceptable groundwater concentration multiplied by dilution factor 
Soil to Groundwater SSL - Calculated using Equation 10 from USEPA Soil Screening Guidance: User's Guide, April 1996 
Soil to Air SSL - From USEPA Soil Screening Guidance: Technical Background Document, Appendix A, May 19% (first preference), 

or USEPA Region 111 Risk-Based Concentration Table, June 1996 
Choice of screening values for benzo(a)pyrene equivalents (BEQs) and 2,3,7,8-TCDD equivalents (TEQs) explained in Section 6.2 

.. 
Site-Specific Parameters: 

Fraction Organic Carbon (--) : 0.002 
Dilution Factor (--) : 10 

Dry Soil Bulk Density (kg,%) : 1.5 
Water-filled Soil Porosity (--) : 0.3 

Air-filled Soil Porosity (--) : 0.13 
Soil Porosity (--) : 0.43 

1234678-HpCDF 
OCDF 

Organotin 
Dibutyltin 
Monobutyltin 
Tetrabutyl tin 
Tributyltin 

Inorgnnics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium (trivalent) 
Chromium (hexavalent) 
Cobalt 
Copper 
Cyanide 
Lcad 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

Kd - Normalized partitioning coefficient 
NA - Not applicable 
NDA - No data available 
NL - Not listed 

Dimension- Organic 
less Carbon USEPA 

Henry's Water Acceptable Calculated Generic 
Law Part. Tap Ground- Target Zonewide Soil to GW Soil to 

Constant Coeff. Water MCLl water Leachate Soil to GW SSL Air 
[H'] [Koc] RBC MCLG Cow. Conc. SSL (DAF=20) SSL 
- ( L k )  (mg/L) (mgn) (mgn)  (mg/kg) (mgh3) (mgkg) 

3.2E-03 6.OE+U7 4.5E-08 NL 4.5E-08 4.5E-07 0.0540 NL NDA 
3.2E-03 6.OE+07 4.5E-07 NL 4.5E-07 4.5E-06 0.5400 NL NDA 

NDA NDA 0.011 NL NA NA N A NL ND A 
NDA NDA 0.01 1 NL NA NA N A NL NDA 
NDA NDA 0.01 I NL NA NA N A NL ND A 
NDA NDA 0.01 1 NL NA NA N A NL NDA 

Kd (6.8 pH) 
NA 1.50EM3 37 NL 37 370 5.55Ei-05 NL NDA 
NA 4.50EM1 0.015 0.006 0.006 0.06 2.71 5 NDA 
NA 2.90EM1 4.5E-05 0.05 0.05 0.5 14.6 29 750 
NA 4.10EM1 2.6 2 2 20 824 1600 690000 
NA 7.90E+02 0.073 0.004 0.004 0.04 31.6 63 1300 
NA 7.SOEi-01 0.018 0.005 0.005 0.05 3.76 8 1800 
NA1.90EM1 0.18 0.1 0.1 1 19.2 38 270 
NA 1.80E+06 37 NL 37 370 6.66EM8 NL NDA 
NAI.WE+Ol  0.18. 0.1 0.1 1 19.2 38 270 
NA 4.50E+O1 2.2 NL 2.2 22 994 NL N DA 
NA 4.30E+02 1.5 1.3 1.3 13 5593 NL ND A 
NA I.OOE+OI 0.73 0.2 0.2 2 20.4 40 NDA 
NA 9.00EM2 0.015 NL 0.015 0.15 135 400 400 
NA 6.50EMl 0.73 NL 0.73 7.3 476 NL NDA 

4.67E-01 5.20EWI 0.011 0.002 0.002 0.02 1.04 2 10 
NA 6.50E+01 0.73 0.1 0.1 1 65 130 13000 
NA 5.00E+00 0.18 0.05 0.05 0.5 2.60 5 NDA 
NA 8.30EMO 0.18 NL 0.18 1.8 15.3 34 NDA 
NA 7.10ES01 0.0026 0.0005 0.0005 0.005 0.356 0.7 NDA 
NA 2.50E+01 22 NL 22 220 5544 NL ND A 
NA I.OOE-4-03 0.26 NL 0.26 2.6 2601 6000 NDA 
NA 6.20E+01 I1 NL I1 110 6842 12000 NDA 

k g L  - Kilograms per liter 
L k g  - Liters per kilogram 
mgkg - Milligrams per kilogram 
m a  - Milligrams per liter 
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Normalized Partitioning Coefficient 

K, is used to predict the capacity for a constituent to partition between soil and water. To estimate 

K,, the constituent's K, is adjusted by the soil's TOC: K, = K, x f,. Soilfconstituent 

combinations with higher K, values have a higher potential for sorption. 

Cation Exchange Capacity 

CEC reflects the soil's capacity to adsorb ions, neutralizing ionic deficiencies on particle surfaces. 

Generally, trivalent ions are preferentiaIly adsorbed to soil over divalent ions, and divalent ions 

are preferentially adsorbed over monovalent ions. Soils with high CEC values have the potential 

to adsorb inorganic ions and organic compounds with dipole moments. CEC varies directly with 

clay content, depending on the type of clay. The amount of cation exchange also depends on soil 

pH. 

Redox Conditions 

Redox is the process that includes oxidation ( loss of electrons), and reduction ( gain of electrons). 

This change in oxidation state generates products different from the reactants in solubility, 

toxicity, reactivity, and mobility. Extreme redox conditions tend to mobilize chemicals, especially 

transition metals. 

pH 

The pH value is a negative inverse logarithmic measure of hydrogen ion concentration in soil or 

groundwater, indicating the acidity or alkalinity of the medium. Chemicals react differently under 

changing pHs. Low pH conditions tend to mobilize chemicals, especially inorganics, while high 

pH conditions may lead to the formation of immobile metal hydroxides. 
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Soil Type 

The mineralogical composition, particle size distribution, and organic content of soil affect 

chemical fate and transport. Soil characteristics influence or determine hydraulic conductivity, 

effective porosity, and hydraulic gradient which, in turn, dictate groundwater flow. 

Retardation Factor 

The retardation factor is a measure of the ability of an aquifer matrix to inhibit the movement of 

a chemical by preferentially binding contaminants with high organic carboniwater partitioning 

coefficients. Retardation factors are calculated as follows: 

Where: 

R = Retardation factor 

K, = Normalized partitioning coefficient (liters per kilogram [Llkg]) 

p, = Soil dry bulk density (kilograms per liter [kgIL]) 

n = Soil total porosity 

Table 6.3 summarizes the soil and aquifer parameters used to evaluate fate and transport for 14 

Zone I. The geometric mean CEC of nine surface soil samples (collected at eight AOCs/SWMUs) 15 

is 9.9 millequivalents per 100 grams (meq/lOOg), ranging from 4.5 to 26 meqI100g. Moderate 16 

CEC values and nonacidic soil conditions imply limited inorganic mobility by the processes of 17 

advection, diffusion, and dispersion, TOC values for the same nine soil sampIes analyzed for is 

CEC (above) ranged from 3,232 to 45,268 milligrams per kilogram (mglkg), with a geometric 



Zune I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 6 -Fate and Transport 
Revision: 0 

Table 6.3 
Soil and Aquifer Parameters Used to Evaluate Fate and Transport 

Zone I Zone I 
Number of Minimum Maximum Zone I Geometric 

TOC' 9 3.232 45,268 11.600 mglk  - - 

PH* 19 6.7 9.2 7.5 Standard Units 

Total Porosityc 4 0.32 0.41 0.37 decimal % 

Hydraulic Conductivityd 
Shallow Wells 11  0.021 6.94 0.76 Wd 
Deep Wells 8 0.0012 6.16 0.33 ftld 

Notes: 
a = TOC soil results only; sediment results discussed in text 
b = pH soil results only; sediment results discussed in text 
c = Total porosity and dry bulk density values based on Zone H Shelby rube aquifer samples (see text) 
d = Hydraulic conductivity values based on slug test results 
ftld = feet per day 

mean of 11,600 mglkg. Reported TOC values for nine sediment samples collected at the DMA 

were somewhat lower (geomean = 10,100 mglkg) than those for soil, while values for five 

sediment samples from three other sites were higher (geomean = 18,800 mglkg). Soil TOC 

readings document a relatively high organic content that should inhibit movement of 

contaminants, particularly organic compounds with high K, values, due to extensive adsorption. 

The geometric mean pH of 19 Zone I soil samples (17 surface soil samples collected at six sites 

and two subsurface soil samples from AOC 687) is 7.5; the geometric mean of pH readings for 

six sediment samples collected at three sites is 7.2. Reported pH values for Zone I soil range from 

6.7 to 9.2, and from 6.2 to 10.1 for sediment. All pH readings were measured by the analytical 

laboratory as part of the prescreening process for pesticide analysis. Geotechnical results from 

the four Shelby tube samples collected from aquifer sands in adjoining Zone H served as 

surrogates to estimate sandy soil and aquifer properties in Zone I. The average total porosity of 

the shallow aquifer in Zone I is 37%, as determined through Shelby tube analysis of the four 
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Zone H samples, with a range of values from 32% to 41 %. All four Zone H samples were 

collected from the 10 to 12 ft bgs soil interval. Dry buIk density of the same four aquifer samples 

ranges from 1.51 kg1L to 1.75 kgIL, with a geometric mean of 1.63 kg/L. 

Although 20 Shelby tube samples were colIected from Zone I well borings (Table 2.2 in 

Section 2), sandy soil or aquifer samples could not be recovered by this method. 

As presented in Section 2.3.6, the geometric mean horizontal hydraulic conductivity (Kh) 

sediments in shallow wells, based on slug tests in 11 Zone I wells, ranges from 0.021 Wday to 

6.94 ftlday, with a geometric mean of 0.76 Wday for the upper quaternary fill sediments. 

Measured in eight deep Zone I wells, the geometric mean horizontal hydraulic conductivity ranges 

from 0.0012 ftlday to 6.16 Wday, with a geometric mean of 0.33 ftlday. Corresponding 

hydraulic conductivity values for adjoining Zone H are 1.05 ftlday for shallow wells and 0.89 

ftlday for deep wells. Consistent with the heterogeneity of surficial deposits (Section 2.2.3.2) and 

the interbedded nature of deeper sediments, the spatial distribution of K, values in Zone I 

exhibits no apparent pattern. 

Table 6.4 lists the approximate travel time for advective groundwater flow from various Zone I 

sites to downgradient water bodies (Cooper River or Shipyard Creek), depending on direction of 

flow, local groundwater gradient, and local hydraulic conductivity. A river gauging station at the 

Army Depot in North Charleston at mile 10.5 of the Cooper River, upstream from Zone I, 

reported a mean river stage of 1.06 feet for the year 10192 to 9/93. Downstream from Zone I at 

the gauging station at Charleston Harbor (mile 0.6), mean river stage is roughly zero. Calculation 

of travel times was based on an assumption of 0.5 feet local elevation for water in the Cooper 

River and the lower portion of Shipyard Creek. 
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Table 6.4 
Travel Time Analysis 

Advective Transport Only 

Hydraulic Horizontal Horizontal Horizontal Travel 
Conductivitv Gradient Effective Veloeitv Mstance Time 

AOCs 672673 0.790 0.0123 0.20 17.7 200 11 

AOC 677 0.267 0.01 10 0.20 5.36 100 19 

AOC 678679 4.37 0.0200 0.20 160 110 0.7 

AOC 680 1.94 0.0173 0.20 61.3 150 2.4 

AOC 685 1.26 0.0200 0.20 46.0 110 2.4 

AOC 687, SWMU 16 0.311 0.0175 0.20 9.93 160 16 

SWMU 12 1.57 0.M25 0.20 17.9 480 27 

SWMU 177 1.54 0.00400 0.20 11.2 200 18 

Notes: 
a = Based on slug test data from nearby and zonewide monitoring wells 
b = Estimated, based on textural classes of shallow aquifer samples (USEPA 1989) 
c = Based on the potentiometric pth of groundwater flow 

6.2 Fate and Transport Approach for Zone I I 

Each site-specific fate and transport discussion in Section 10 begins with a description of site 2 

characteristics that can affect constituent migration. As previously discussed, four potential 3 

routes of constituent migration have been identified for Zone I. Each AOC and SWMU has been 4 

evaluated for site conditions that promote these migration pathways. In some cases, it is logical 5 

to evaluate fate and transport for a combination of AOCsISWMUs based on their proximity. 6 
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Evaluation of an individual constituent's ability to migrate considers four cross-media transfer 

mechanisms: (1) soil-to-groundwater, (2) groundwater-to-surface water, (3) surface soil-to-air, and 

(4) surface soil-to-sediment, Cases can be made for each potential transfer mechanism based on 

empirical data available for each medium sampled. For example, if a constituent is found in soil 

as well as groundwater, it is reasonable to conclude that the soil constituent may be leaching to 

the groundwater. In support of such conclusions, Zone I fate and transport were evaluated using 

constituent-specific chemical and physical properties, assumed soil and aquifer properties, USEPA 

risk-based screening concentrations and maximum contaminant levels, and grid-based background 

concentrations (Tables 5.5 and 5.6 in Section 5, and Table 6.2). 

The following sections describe the methods used to evaluate potential migration of constituents 

identified at each AOC/SWMU. Where a specific migration pathway could not be identified for 

a site, no screening or formal assessment was performed for that pathway. Fate and transport 

were not evaluated for essential nutrients (calcium, iron, magnesium, potassium, and sodium), nor 

for chlorides or sulfates, which are abundant in shallow coastallestuarine environments. Section 

10 contains discussions of site-specific fate and transport, migration pathways, and potential 

receptors. 

6.2.1 Soil-to-Groundwater Cross-Media Transport 

A phased screening approach was used to evaluate the potential for soil-to-groundwater migration 

of constituents, focusing attention on chemicals that have the greatest potential for impacting the 

surficial aquifer. Due to the nature and age of most AOCISWMU operations, it might be assumed 

that any compounds with the potential to migrate from soil into the suflcial aquifer would have 

done so already. This assumption would also be appropriate in light of the thin, moderately 

permeable soil layer above the water table at Zone I. However, all soil constituents were 

evaluated for their potential threat to groundwater regardless of whether the constituent was 

detected in groundwater. The screening process may be summarized as follows: 
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Quantitative - Maximum soil constituent concentrations for each AOCiSWMU (or group thereof) 

were compared with leachability-based generic SSLs as presented in the USEPA Soil Screening 

Guidance: Technical Background Document (1996a). SSLs were modified from those in the 

Technical Background Document or calculated independently, as described below, assuming a 

dilution attenuation factor (DAF) of 10. 

Soil background values for inorganics in Zone I were determined after consultation with the 

project team technical subcommittee. At the request of SCDHEC, however, background values 

were not considered during initial comparisons of maximum soil concentrations with SSLs. The 

theoretical effect of this exclusion from the screening process was to identify all possible threats 

to groundwater, irrespective of their sources as naturally occurring or anthropogenic soil 

constituents. Since chromium is the only inorganic chemical in Zone I soil samples with 

background values greater than its SSL (conservatively assuming that all detected chromium is 

hexavalent), the practical effect of the exclusion was limited. 

Maximum groundwater constituent concentrations for each AOCtSWMU (or group thereof) were 

compared with the greater of: 

Tap-water risk-based screening concentrations as presented in the USEPA Region I11 RBC 

table (April 15, 1998), assuming a target hazard quotient (THQ) of 1 .O. 

Groundwater background values for Zone I inorganics, determined in consultation with 

the project team technical subcommittee; selected as described below. 

Quantitative screening defines the list of chemicals to be considered for detailed fate and transport 

assessment. It reveals constituents in soil with the potential to impact the surficial aquifer, 

identifying areas where relatively recent releases or immobile constituents may not yet have 
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impacted existing monitoring wells. A conservative screening approach was employed using 

generic SSLs to provide the most comprehensive list of constituents that could impact 

groundwater. It was assumed that if soil concentrations do not exceed conservative leachability- 

based screening levels, there is no significant threat to groundwater via leachate migration. 

Likewise, if current groundwater concentrations do not exceed risk-based tap-water screening 

values or background, it was concluded that current soillgroundwater equilibria sufficiently protect 

human health relative to potential groundwater ingestion exposure pathways. 

The soil-to-groundwater migration pathway was assessed using generic SSLs that assume a DAF 

of 10, rather than site-specific SSLs. DAFs higher than 10 would be justified for Zone I AOCs 

and SWMUs, based on site-specific values of hydraulic conductivity, hydraulic gradient, aquifer 

thickness, and estimated infiltration rate (to estimate dilution), as well as soil type and organic 

content (to estimate attenuation). Section 6.3 compares assumptions underlying the fate and 

transport screening process with site-specific and zonewide conditions, including factors affecting 

dilution and attenuation of contaminants. A DAF of 10 was chosen rather than the value of 20 

used in RFI reports for some other CNC zones because the relatively low hydraulic conductivities 

and gradients in Zone I produce less leachate dilution by groundwater, according to the equations 

in the Soil Screening Guidance. Higher DAF values would translate into higher, less conservative 

SSLs. As a screening tool, generic SSLs are used to compile a conservative, inclusive list of 

potential fate and transport concerns; detailed fate and transport assessments then evaluate the 

identified concerns to facilitate risk management decisions. 

Table 6.2 contains physical site characteristics aIong with chemical and physical properties and 

regulatory standards for each constituent detected in Zone I soil and sediment samples, enabling 

calculation of SSLs for protection of groundwater. Where generic SSLs for organics were not 

listed in the Technical Background Document or the Region 111 RBC table, they were calculated 

using the chemical property vaIues shown in Table 6.2. Values of HL, &, and K, not available 
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in the Technical Background Document or the USEPA Soil Screening Guidance: User's Guide 

(1996b), were obtained from the Superfund Chemical Data Matrix (SCDM), (USEPA, 1997a), 

which is the source of the values in the two Soil Screening Guidance documents. Values of K, 

for inorganics not available in the EPA documents were taken from the TERRA model (Baes, 

C.S. I11 et al., September 1984), which is considered a standard reference source. Where 

calculated SSLs in Table 6.2 differed from EPA's generic values, the EPA values prevailed. 

Differences between the EPA generic listed values and calculated SSLs were generally due to 

EPA's use of nonstandard target leachate concentrations as starting points for their calculations: 

rather than starting with their own listed RBCs or MCLs, EPA often rounds them off to one 

significant figure. EPA's starting-point values are listed in Attachment D, "Regulatory and 

Human Health Benchmarks for SSL Development," of the User's Guide. 

Because all AOCISWMU shallow monitoring wells were drilled to depths of 13 ft bgs or less, 

background values for inorganics in shallow groundwater were used as the screening alternative 

to tap-water RBCs. The lithology of Zone 1's surficial aquifer is complex, with discontinuous 

sandy units and widespread aquitards of marsh clay. Vertical hydraulic gradients measured at 

pairs of wells with different depths are almost all positive (Section 2.3.4), indicating general 

downward movement of groundwater. Arsenic, manganese, and thallium are the only inorganics 

with shallow groundwater background vaIues higher than their corresponding tap-water RBCs. 

Background concentrations of inorganics in deep groundwater are generally equivalent to or lower 

than those of shallow groundwater (Table 5.6 in Section 5). 

Because unique risk assessment procedures are mandated by USEPA for the seven primary PA?-Is 21 

and the chlorinated dibenzodioxins/dibefl~ofurans, these two groups were also treated uniquely 22 

in the fate and transport screening assessment. Although each cPAH has its own fate and transport 23 

and toxicity characteristics and its own SSL, evaluating these compounds individually does not 24 

allow for their combined carcinogenic effects as measured by BEQs. To estimate a conservative 25 
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soil screening level for BEQs, the lowest HL constant and organic carbonlwater partitioning 

coefficient of the seven cPAH compounds were combined with benzo(a)pyrene's MCL, as 

documented in Table 6.2. The resulting calculated SSL of 1,600 micrograms per kilogram 

(pglkg) (for DAF = 10) should be used as a "pre-screening" value. If total BEQs in a soil sample 

exceed 1,600 pgtkg, then the concentrations, distribution, and transport characteristics of the 

individual cPAHs should be examined to gauge the potential threat to groundwater. Using the 

lowest values of HL and K, to calculate the SSL ensures that a BEQ value based largely on (for 

example) benzo(a)anthracene, which is more mobile in soil than benzo(a)pyrene, will not result 

in underestimating the mobility and groundwater impact of the combined cPAHs. For 

comparison, the USEPA SSL for benzo(a)pyrene is 8,000 pg/kg. 

Fate and transport screening for TEQs was approached in similar fashion. As with BEQs, the 

lowest K, value from the component congeners was used, along with HL and the MCL for 

2,3,7,8-TCDD, to calculate a conservative SSL of 1,600 nanograms per kilogram (nglkg). 

Although the HL value for 2,3,7,8-TCDD is the only dioxin HL value available in SCDM, HL 

has virtualIy no effect on the calculated SSL since K, values for dioxin congeners are so high. 

SSLs were also calculated for individual congeners, using data available in SCDM. For congeners 

without listed K, values, surrogate values from congeners with similar chemical structures were 

used to calculate SSLs. Some of the calculated SSLs for individual congeners are more 

conservative (lower) than the TEQ SSL. This is because they are based on multiples of 2,3,7,8- 

TCDD's RBC (0.45 picograms per liter [pg/L]) rather than its much higher MCL (30 pgIL), since 

there are no MCLs listed for congeners other than 2,3,7,8-TCDD. As with BEQs, the calculated 

SSL for TEQs should be used as a "pre-screening" value. If total TEQs in a soil sample exceed 

1,600 nglkg, then the concentrations, distribution, and transport characteristics of the individual 

congeners should be examined to gauge the potential threat to groundwater. 
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Detailed Assessment - Upon completion of the quantitative screening process, site constituent 

concentrations exceeding the screening values were examined to delineate the magnitude, number, 

and areal extent of soil impacts potentially affecting groundwater. Maximum constituent 

concentrations in surface soil were compared with those in subsurface samples to estimate the 

extent of downward migration. The number and spatial distribution of exceedances were noted, 

and relative concentrations in soil and groundwater were compared. If relevant, corresponding 

exceedances in nearby AOCsISWMUs in Zones H and I were examined as possible contaminant 

sources or as indicators of lateral migration. 

Detailed assessments helped determine the significance of soil impacts relative to the surficial 

aquifer. In some instances, isolated areas of soil contamination above leachability-based 

concentrations could cause localized shallow groundwater impact, but not of a magnitude that 

would pose a long-term or widespread threat to the aquifer. The detailed assessment was used to 

identify these cases and decide which areas of soil contamination may require supplemental 

investigation and/or modeling applications during the CMS as part of the remedial alternatives 

development process. 

6.2.2 Groundwater-to-Surface Water Cross-Media Transport 

Groundwater in the upper part of the surficial aquifer moves generally northeast, east and 

southeast toward the Cooper River, and southwest toward Shipyard Creek (Figures 2.10 and 

2.12 in Section 2); in the lower part of the aquifer, groundwater moves more consistently 

northeast toward the Cooper River and south toward Shipyard Creek, with possible localized 

movement radially outward from a small high area near the southern tip of the peninsula 

(Figures 2.1 1 and 2.13 in Section 2). The principal focus of this evaluation was determining 

whether constituents identified in groundwater have the potential to extend their impacts to 

different locations in the surficial aquifer or to surface water in the Cooper River or Shipyard 

Creek. Other than at five DMA sample locations @MAW000101 through DMAW000501), 
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surface water was not sampled as part of the Zone I RFI. Therefore, potential impacts on surface 1 

water were evaluated by comparing groundwater constituent concentrations with surface water 2 

screening standards, as described below. The screening process may be summarized as follows: 3 

Quantitative - Chemicals in groundwater and/or surface water were compared with appropriate 4 

screening values. Relative to human health evaluation, maximum shallow groundwater results for 5 

each AOCISWMU (or group thereof) were compared with the greater of: 6 

Tap-water risk-based screening levels as presented in USEPA Region 111 RBC tables, 7 

(April 15, 1998), assuming a THQ of 1 .O. s 

Shallow groundwater background values far inorganics in Zone I, determined in 9 

consuItation with the project team technical subcommittee; selected as described above in lo 

Section 6.2.1. 11 

To evaluate potential impact on ecological receptors, maximum shallow groundwater analytical 

results for each AOCISWMU (or group thereof) were also compared with USEPA saltwater 

surface water chronic screening values (also known as ambient water quality criteria [AWQC]) 

for hazardous waste sites, from Supplemental Guidance to RAGS: Region NBulEetins, Ecological 

Risk Assessment (USEPA, 1995a). Since the only surface water samples collected during the 

Zone I RFI were the five DMA samples from inside the diked area, no background values for 

surface water inorganics were determined for use as alternatives to surface water screening 

standards applicable to the Cooper River and Shipyard Creek. 

The quantitative assessment identifies chemicals detected in groundwater with the potential to 20 

disperse within the aquifer, increasing the areal extent of groundwater concentrations that exceed 21 

human health-based standards, or impacting surface water via groundwater migration and 22 
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discharge. If current groundwater chemical concentrations do not exceed tap-water risk-based 

screening levels and background concentrations, there is no significant threat of offsite 

groundwater contamination via migration. If reported chemical concentrations in groundwater do 

not exceed published AWQC, it is assumed that those chemicals present no risk to ecological 

receptors from groundwater discharge to surface water. This screening assessment purposely does 

not consider effects of dilution and attenuation on transport between the affected well(s) and the 

surface water discharge point, or the dilutional capacity of the receiving water body. Omitting 

these factors from the quantitative screening ensures that a conservative list of potential 

groundwater-to-surface water concerns is developed. 

Detailed Assessment - Upon completion of the quantitative screening process, detailed 

assessments were performed to delineate the magnitude and areal extent of groundwater impacts 

that may adversely affect human or ecological receptors. Maximum constituent concentrations in 

shallow groundwater were compared with those in deep groundwater at nearby grid wells to 

estimate the extent of any downward migration. The number and spatial distribution of 

exceedances were noted. Where relevant, corresponding exceedances in nearby AOCsfSWMUs 

in Zones H and I were examined as possible sources or as indicators of lateral migration. 

The detailed assessments helped to determine the significance of actual and potential groundwater 

impacts, as well as-the potential for significant impacts on surface water. The Zone J RFI results 

will be used to confirm or refute these preliminary conclusions. Detailed assessments were also 

used to determine which areas of groundwater contamination may require supplemental 

investigation andlor modeling applications during the CMS as part of the remedial alternatives 

development process. 
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6.2.3 Surface Soil-to-Sediment Cross-Media Transport 

To evaluate surface soil-to-sediment erosional migration, a phased screening approach identified 

chemicals with the potential to form contaminated sediments from surface soil erosion. The 

screening process may be summarized as follows: 

Qualitative -The CPSS lists (excluding essential nutrients) for surface soil and sediment were 

compared to determine which chemicals were present in both media. 

Sediments are formed largely by surface soil erosion, with accumulation in depositional areas. 

Normally, site topography and ground cover are used to identify areas with erosional potential and 

the corresponding expected areas of deposition. Because erosional/depositional processes within 

Zone I are inhibited at many AOCstSWMUs due to the presence of buildings, paved surfaces, and 

engineered drainage, evidence of constituent migration from surface soil-to-sediment is limited to 

sites with substantial unpaved and non-landscaped areas, generally found in the south half of the 

zone. Nevertheless, all sediment results were compared with data for proximate surface soil 

representing possible points of origin for sediment contaminants. 

Semiquantitative - The maximum concentration in surface soil was compared with the maximum 

concentration in sediment for constituents present in both media. The purpose of the 

semiquantitative assessment was to provide additional evidence supporting this possible migration 

pathway. 

Evaluation of fate and transport for sediments in Zone I was limited to sediments as contaminant 

receptors. Fate and transport for constituents originating in Zone I wetland or fluvial sediments 

will be provided in the RFI report for Zone J. Potential impacts of contaminated sediments on 

ecological receptors are discussed in Section 8 of this report. 
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6.2.4 Soil-to-Air Cross-Media Transport 

The soil-to-air migration pathway was evaluated by screening soil constituents to determine the 

potential for inhalation of volatilized organics or inorganic fugitive particulates in ambient air. 

The screening process may be summarized as follows: 

Quantitative - Maximum chemical concentrations detected in surface soil at each AOCfSWMU 

were compared with soil-to-air screening concentrations as presented in the USEPA Soil 

Screening Guidance: Technical Background Document (1996a) (primary source) or USEPA 

Region I11 RBC table, June 1996 (1996~) (secondary source). Concentrations of organic 

compounds were compared with generic values representing the volatile inhalation pathway; 

concentrations of inorganics were compared with values representing the fugitive dust pathway, 

except for mercury, whose concentrations were compared with the inhalation of volatiles pathway. 

The quantitative assessment defines the list of chemicals under consideration for formal fate and 

transport evaluation. If soil concentrations do not exceed soil-to-air volatilization or fugitive 

particulate screening concentrations, no significant migration potential exists, and current soil 

conditions are considered protective of human health relative to potential inhalation exposure 

pathways. 

Detailed Assessment - Following the quantitative screening process, detailed assessments were 

performed to delineate the magnitude and areal extent of surface soil impacts potentially affecting 

ambient air. The number and spatial distribution of exceedances were noted, as were site-specific 

conditions possibly affecting release of contaminants into the air. 

The outcome of the detailed assessments was used to determine the significance of soil impacts on 

air. In some instances, isolated areas of soil contamination above soil-to-air screening levels 

could cause localized ambient air impacts but not of a magnitude to pose a long-term or 
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widespread threat through inhalation pathways. The detailed assessment identified these cases and 

determined which areas of soil contamination may require supplemental investigation and/or 

modeling applications during the CMS as part of the remedial alternatives development process. 

6.3 Fate and Transport Screening Assumptions Versus Site Conditions 

The fate and transport screening procedure was designed as a conservative method to identify and 

evaluate soil and groundwater constituents with the potential to impact groundwater and surface 

water quality in the Cooper River and Shipyard Creek. The screening tables identify the 

constituents, while the detailed assessments evaluate their significance. The procedure depends 

heavily on EPA's soil screening methodology, and makes many simplifying assumptions that come 

directly from the 1996 Soil Screening Guidance. This section compares some of the assumptions 

of the screening procedure with actual conditions encountered at AOCs and SWMUs in Zone I in 

an attempt to demonstrate the conservative nature of the method. The screening assumptions are 

shown in italics, followed by commentary. 

I .  ?Re contaminant source is infinite (i.e,, steacty-stute concentrations are maintained during 

the future exposure period). At the majority of Zone I sites, the original sources of soil 

and/or groundwater contamination have been eliminated; there is no ongoing 

contamination. As constituent molecules migrate through the system or degrade, they are 

generally not replaced from the original sources. 

2. Each soil contaminant is uniformly distribuledfrom the suvace to the top of the aquver, 

at a concentration equal to the maximum value reported from any of the samples, Site 

conditions vary greatly, as seen in sample analytical results. Most often, screening 

exceedances are reported from a relatively small percentage of samples, as presented in the 

detailed assessments. 
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3. There is no contaminant aftenuation (i. e., adsoption, biodegradation, chemical I 

degradation) as leachate moves downward through soil. In reality, dissolved organic 2 

compounds and metallic ions originating in the upper soil horizons are not particularly 3 

mobile, due to sorption. Because of their origins in back-barrier lagoons and other low- 4 

energy environments (Section 2.2.3.2), many CNC soils and lithologic units exhibit clay 5 

content varying from moderate to very high. Typical aluminum and iron concentrations 

in surface and subsurface soil samples are high, indicating high clay content. The average 

clay proportion of Shelby tube samples from 20 Zone I wells, collected from the Qm unit 

at depths ranging from 13 to 22 feet (Table 2.2 in Section 2), was 39.8%. The geometric 

mean CEC of nine Zone I surface soil samples was 9.9 meqt100g (arithmetic mean = 11 

meq1100g). For comparison, CEC for pure montmorillonite clay (smectite) ranges from 

80 to 150 meq1100g. Other clays such as Jllite (1040 meq/100g) and kaolinite (3-15 

meq1100g) have lower values (Boulding, 1995). The moderate clay content and 

corresponding CEC values of Zone I soil and the high proportion of marsh clay in deeper 

sediments should result in varying but substantial attenuation of migrating site constituents, 

especially inorganics. 16 

The geometric mean TOC of the same nine surface soil samples was 11,600 mg/kg (f, = 17 

0.0116), while the arithmetic mean was 25,000 mglkg (f, = 0.015). Measured TOC 18 

values ranged from 3,232 to 45,268 mglkg. The default soil value of f, used by EPA to 19 

calculate generic SSLs is 0.002 (corresponding to TOC = 2,000 mglkg), indicating that 20 

Zone I soils probably average several times more available organic carbon than soils 21 

assumed in the generic model's partitioning equation for migration to groundwater. 22 

Because organic carbon correlates positively with the soil's sorptive capacity, Zone I soils 23 

should provide a greater measure of protection to underIying groundwater than the soils 24 

in the generic model, especially for organic compounds. Results from four SPLP leach 25 
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samples analyzed for SVOCs (two at AOC 690 and one each at AOC 685 and SWMU 12) 

tend to confirm this interpretation, because no SVOCs were detected in the samples. 

EPA's generic SSLs are based on reference values of K, for ionizing organics and K, for 

inorganics. The listed reference values assume a soil pH of 6.8. For Zone I, the 

geometric mean pH for 17 surface soil samples was considerably higher at 7.5; 16 of the 

17 measured pH values exceeded 6.8. Two subsurface soil samples reported pH values 

of 6.9 and 7.2. Values of K,, for most metals are higher with higher soil pHs and lower 

with lower pHs. The effect of pH variations on the value of K, for ionizing organics is 

reversed, but is weaker than for inorganics. 

4. The generic SSLs used in the screening tables are based on a DAF of 10. Since EPA's 

methodology unrealistically assumes zero attenuation for migration of leachate through the 

vadose zone and groundwater through the aquifer, the default DAF of 20 recommended 

in the 1996 Soil Screening Guidance is actually a diIution factor only. Using equations 

in the User's Guide, site-specific dilution factors ranging from 6.0 (at AOC 687-SWMU 

16) to 138 (at AOC 678-679) were calculated for leachate and shallow groundwater at 

Zone I sites. The calculations assume a rainfall infiltration rate of 0.3 inches per year at 

sites such as AOC 678679 that are mostly paved, and a rate of 0.6 inches per year at 

grassy sites such as AOC 687-SWMU 12. In contrast, the ongoing United States 

Geological Survey (USGS) groundwater modeling study assigns a preliminary uniform 

infiltration rate of 0.3 inches per year to the "semi-industrial" areas of the base (Zones A, 

H, and I). In the DAF equation, a higher infiltration rate is conservative because it 

increases contaminant delivery via leachate to the aquifer, where it is diluted by 

groundwater flowing past the site. Considering the high clay content (Table 2.2 in 

Section 2), and the moderate CEC and high TOG (Table 6.3) of Zone I soil and aquifer 
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sediments - none of which are reflected in the DAF formula - a default DAF of 10 is 

suitably conservative for initial screening purposes. 

5. There is no contaminant attenuation as groundwater moves through the aquifer. The CEC 

and TOC values of soil samples in the vadose zone and the lithology of Shelby tube 

samples in the saturated zone imply otherwise, as discussed above in item 3: 

Moderate amounts of clay present, especially locally 

Geometric mean CEC of nine soil samples similar to those of some clay minerals 

Geometric mean TOC of nine soil samples five times higher than EPA default 

values 

6. The mean contaminant concentration in the theoretical groundwaterplume associated with 

each site is equal to (a) the concentration of leachate produced by the maximum detected 

soil concentration and diluted 10:l by groundwater, or (5) m i m u m  detected groundwater 

concentration. This assumption should be compared with analytical results from soil and 

groundwater samples collected at each AOCISWMU and groundwater samples collected 

downgradient from each site (where available). High constituent concentrations in Zone 

I soil or groundwater samples were generally reported from a few isolated locations rather 

than across entire sites. The number and spatial distribution of screening exceedances are 

discussed in the detailed assessment for each site. 

7. An appropriate human health screen for Zone I groundwater is EPA 's Region 111 tap-water 19 

RBCs (April 15, 1998) using a target hazard quotient of 1.0. Although no water-supply 20 

wells are completed in the surficial aquifer at CNC or nearby, and high percentages of 21 

Zone I groundwater samples analyzed for chloride, iron, manganese, sulfate, or TDS 22 

reported concentrations exceeding USEPA's Secondary MCLs, groundwater was evaluated 23 

as if it were a potential drinking water source. Since the focus of the fate and transport 24 



Final Zone I RCRA Faciliiy investigation Report 
Charleston Naval Compla 

Section 6 -Fate and TranspoH 

analysis was on individual chemical concentrations and behavior rather than risk, a THQ 

of 1.0 was considered appropriate. The many built-in conservatisms discussed above 

should more than make up for any possible compounding effects of multiple contaminants 

in environmental media. The only exceptions to this approach were for the carcinogenic 

PAHs, which were evaluated in terms of BEQs, and the chlorinated 

dibenzodioxinsldibeflzofurans, which were evaluated in terms of TEQs. 

8. An appropriate ecological screen for surface water in the Cooper River and Shipyard 

Creek is USEPA's saltwater surface water chronic screening values for hazardous waste 

sites (1995~).  Shipyard Creek and the portion of the Cooper River opposite CNC are both 

tidally influenced streams containing brackish water. The screening values in USEPA's 

publication incIude the "Criteria to Protect Aquatic Life" incorporated by reference into 

SCDHEC's Water Classifications and Standards (Regulation 61-68), plus additional values. 
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7.0 HUMAN HEALTH RISK ASSESSMENT 

7.1 Introduction 

Section 7.1 of the Drafr Zone A RFI Report discusses the purpose of the HHRA as it applies to the 

Zone I RFI. 

Chemical contamination at the site must be adequately characterized before an HHRA can be used 

to determine whether detected concentrations are potentially toxic and may cause increased cancer 

incidences. Characterizing the study area requires determining contaminant sources' amount, 

type, and location. Variables include exposure pathways such as media type and migration routes; 

and the type, sensitivities, exposure duration, and dynamics of the exposed populations 

(receptors); as well as the toxicological properties of identified contaminants. 

7.2 Objectives 

The objectives of the HHRA are to: (1) characterize the source media and determine the chemicals 

of potential concern (COPCs) for affected environmental media; (2) identify potential receptors, 

quantifying potential exposures under current and future conditions for all affected environmental 

media; (3) qualitatively and quantitatively evaluate the adverse effects associated with the 

site-specific COPCs in each medium; (4) characterize the potential baseline carcinogenic risk and 

noncarcinogenic hazards associated with exposure to impacted environmental media at Zone I 

under current and future conditions; (5) evaluate uncertainties related to exposure predictions, 

toxicological data, and resultant carcinogenic risk and noncarcinogenic hazard predictions; and 

(6) establish remedial goal options (RGOs) for chemicals of concern (COCs) ineach environmental 

medium based on risklhazard for risk management decision-making. 

The focus of each investigation is detailed in the field investigation approach section for each site. 

Comprehensive tables list the sample identification numbers and analytical methods applied to each 

sample. At most AOCs and SWMUs, sampling activities consisted of collecting surface (upper- 
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interval) and subsurface (lower-interval) soil samples, and groundwater samples from monitoring 

wells installed in the shallow and deep portions of the surficial aquifer underlying the zone. 

Analytical results from surface soils and groundwater were used to assess possible exposure to 

environmental contaminants. 

Organization 

An HHRA, as defined by Risk Assessment Guidance for Superfund Part A, includes the following 

steps: 

Site characferizah'on - Evaluation of site geography, geology, hydrogeology, climate, 

and demographics, and past and current land use conditions. 

a Data collection - Analysis of environmental media samples, including background/ 

reference samples. 

Duta evaluation - Statistical analysis of analytical data to identify the nature and extent 

of contamination and to establish a preliminary list of COPCs based on risk-based and 

background screening. This list will subsequently be refined to identify COCs. 

Exposure assessment - Identification of potential receptors under current and predicted 

conditions, visualization of potential exposure pathways, calculation of exposure point 

concentrations (EPCs), and quantification of chemical intakes. 

• Toxicity assessment - Qualitative evaluation of the adverse effects of the COPCs, and 

quantitative estimate of the relationship between exposure and severity or probability of 

effect. 
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Risk charactenmiion - A combination of exposure and toxicity assessment results to 

quantify the total cancer and noncancer risk to the hypothetical receptors. 

Uncertainty - Discussion and evaluation of the areas of recognized uncertainty in human 

health risk assessments in addition to medium- specific and exposure pathway-specific 

influences. 

• Risk/Hazard Summary - Presentation and discussion of the results of the quantification 

of exposure (risk and hazard) for the potential receptors and their exposure pathways 

identified under current and future conditions. 

RGOs - Computation of exposure concentrations corresponding to risk projections within 

the USEPA target risk range of 1E-06 to 1E-04 for carcinogenic COCs and Hazard 

Quotient (HQ) goals of 0.1, 1, and 3 for noncarcinogenic COCs. 

This general process was followed in preparing the HHRA for each Zone I AOC and SWMU or 

groups of sites at CNC. 

7.3 Human Health Risk Assessment Methods 

Section 7.3 of the Drap Zone A RFI Report discusses HHRA methods as these apply to the 

Zone I RFI, 

7.3.1 Data Sources 

Section 7.3.1 of the DrafC Zone A RFI Report discusses data sources as they apply to the Zone I 

RFI , 
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7.3.2 Data Validation 

Section 7,3.2 of the Drafr Zone A W I  Report discusses data validation as it applies to the 

Zone I RFI. 

7.3.3 Management of Site-ReIated Data 

All environmental sampling data were evaluated for suitability of use in the quantitative HHRA. 

Data obtained via the following methods were not appropriate for the quantitative HHRA: 

(I) analytical methods not specific for a particular chemical such as TOC or total organic halogen; 

and (2) field screening instruments, including total organic vapor monitoring units and organic 

vapor analyzers. 

Because duplicate samples were collected for QAIQC, some sample locations had more than one 

analytical result. One objective of data management was to provide one result per sample location 

per analyte. Therefore, the mean of the duplicate and primary sample results were used as the 

applicable value, unless the analyte was detected in only the duplicate or primary sample. In such 

cases, the detected results were used. 

In addition, the HHRAs addressed limitations of analytical results by including estimated 

concentrations for nondetected parameters. A nondetect indicates that the analyte was not detected 

above the sample quantitation limit (U-qualified results), as determined by the analytical method, 

the instrument used, and possible matrix interferences. However, an analyte could be nondetected 

and still be present at any concentration between zero and the quantitation limit. For this reason, 

one-half the U value could serve as an unbiased estimate of the nondetect. Because the estimated 

values of J-qualified detections were frequently much lower than the sample quantitation limits of 

U-qualified nondetects for organic compounds, one-half of each U value was compared to one-half 

of the lowest detection (normally J-qualified) at the same site. The lesser of these two values was 
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used as the best estimate of the concentration that was potentially present below the sample 

quantitation limit, and was inserted into the adjusted data set. 

For inorganic chemicals, the decision rule was less complex: one-half of each U value represented 

the concentration of the corresponding sample when compiling the adjusted data set. If two 

nondetects were reported for any one location (a result of QAIQC samples), one-half the lesser 

of the U values was compared to the lowest detection at the site (for organics, as above) or applied 

directly (for inorganics) to estimate a concentration value to be used in the Zone I RFI risk 

calculations. If a parameter was not detected at an AOCISWMU, neither data management 

method was applied, and the parameter was not considered in screening or formal assessment. 

Once the data set was complete (i-e., after elimination of faulty data, consolidation of duplicate 

data values, and quantification of censored values), statistical methods were used to evaluate the 

RFI analytical results and identify COPCs at potential receptor locations. The statistical methods 

used in data evaluation are discussed below. The rationale used to deveIop this methodology and 

the statistical techniques used to implement it are based on the following sources: 

RQ GS, Volume I -Human Health Evaluation Manua 1 (Part A) ,  (USEPA, 1989a), (RAGS 

Part A). 

Statistical Methodr for Environmental Pollution Monitoring (Gilbert, 1987). 17 

Supplemental Guidance to RAGS: Calculating the Concentration Term (USEPA, 1992~). 1s 
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Microsoft FoxPro, Borland Quattro Pro, and SPlus for Windows' were used to manage data and 

calculate statistics. For each set of data describing the concentration of chemicaIs in a 

contaminated area, the following information was tabulated: frequency of detection, range of 

detected values, average of detected concentrations, and the calculated 95 % upper confidence limit 

(UCL) for the mean of log-transformed values of the concentration. In accordance with RAGS, 

either the maximum concentration detected or the UCL was used to quantify potential exposure, 

depending on which one was the lesser value. 

7.3.4 Selection of Chemicals of Potential Concern 

The objective of this step was to screen the available information on the CPSS at each AOC or 

SWMU to list or group COPCs. COPCs are chemicals selected by comparison with screening 

concentrations (risk-based and reference), intrinsic toxicological properties, persistence, fate-and- 

transport characteristics, and cross-media transport potential. For COPCs to be considered a COC 

and warrant assessment relative to corrective measures, it must meet two criteria. First, the 

COPC must contribute to an exposure pathway with an incremental lifetime excess cancer risk 

(ILCR) in excess of 1E-06 or a hazard index (HI) greater than 1 for any of the exposure scenarios 

evaluated in the risk assessment. Second, the COPC must have an individual risk projection 

greater than 1E-06 or a hazard quotient (HQ) greater than 0.1 ILCR. 

Before evaluating the potential risksihazards associated with site media, it was first necessary to 

delineate onsite contamination by noting the chemicals detected in environmental media. These 

chemicals represent the CPSS for each AOC or SWMU. The nature and general extent of CPSS 

at each site are detailed in Section 10 of the RFI. To reduce the list and focus the risk assessment 

on COPCs, site-related data were compared to risk based screening values and background 

concentrations. 

Reference to specific software products are not to be construed as an endorsement by the U.S. Navy or EnSafe Inc. 
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Comparison of Site-Related Data to Risk-Based Screening Concentrations 

The maximum CPSS concentrations detected in samples were compared to risk-based screening 

values obtained from the Risk-Based Concentration (RBC) Table (USEPA, April 15, 1998). 

According to this guidance, USEPA recommends the use of a target HQ of 0.1 and a risk goal of 

1E-06 to calculate screening concentrations for noncarcinogens and carcinogens, respectively. 

Noncarcinogenic chemical values were adjusted to equate to an HQ of 0.1. 

Groundwater results were compared to tap-water screening values, and reported soil (and 

sediment, where applicable) concentrations were compared to residential soil ingestion screening 

values. The soil screening value for lead was set equal to 400 mglkg, which is consistent with 

current USEPA Office of Solid Waste and Emergency Response directives considering protection 

of a hypothetical child resident (USEPA, 1994a). The screening value used for lead in 

groundwater was the USEPA Office of Water treatment technique action level (AL) of 15 pglL 

(USEPA, 1996d) ). 

A soil screening value of f ,000 nanograms per kilogram (nglkg) [as 2,3,7,8-TCDD toxicity 

equivalent quotient (TEQs)] was applied to chlorinated dibenzo-pdioxin (CDDs) and 

dibenzofurans, based on a workerlindustrial scenario and a target risk of 1E-04. USEPA 

Region IV has determined this value to be an appropriate cleanup level although normally a 

residential scenario and a target risk of 1E-06 serve as the basis for screening values. For dioxin, 

USEPA Region IV considers this target risk more appropriate because of the high level of 

uncertainty associated with dioxin exposure. For groundwater, the TEQ value computed for each 

sample was compared to the 2,3,7,8-TCDD tap-water screening level of 4E-04 picograms per liter 

(PglL) 

In accordance with recent cPAH guidance (USEPA, 1993), benzo(a)pyrene equivalent quotients 

(BEQs) were computed, where appropriate, by multiplying the reported concentration of each 
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cPAH by its corresponding toxicity equivalency factor (TEF). The BEQ values were then summed 

for each sample, and the total was compared to the benzo(a)pyrene RBC value during the 

screening process. Subsequent exposure quantification and risWhazard projections for cPAI-Is in 

soil and groundwater were performed using total BEQ values for each sampling location rather 

than individual compound concentrations. 

CPSSs with maximum detected concentrations exceeding their corresponding risk based screening 

concentrations were retained for further evaluation and reference screening in the risk assessment. 

Screening values based on surrogate compounds were used if no screening values were available 

in USEPA's table. Tbe selection of surrogate compounds was based on structural, chemical, or 

toxicoIogica1 similarities. 

Because shallow and deep groundwater beneath most Zone 1 areas contain chlorides and/or TDS 

exceeding South Carolina potable source criteria, water from these aquifers is not appropriate for 

domestic use. Consequently, screening the concentrations of compounds detected in groundwater 

against tap-water RBCs represents a very conservative approach. 

For CPSS present in all depths of soil and shallow groundwater, an additional risk-based screening 

was part of the fate and transport assessment. Fate and transport methodology is explained in 

Section 6; site-specific discussions are in Section 10. 

Comparison of Site-Related Data to Background Concentrations 

Soil and groundwater background concentrations were determined for Zone I using results from 

the grid-based soil and groundwater background sampling. Surface soil, subsurface soil, shallow 

groundwater, and deep groundwater were all addressed separately to determine background 

concentrations. After the risk-based screening process, CPSS were retained for further 

consideration as COPCs in the HHRA on an AOC- or SWMU-specific basis under the following 
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conditions: (1) their maximum detected concentrations exceeded corresponding background 

concentrations, or (2) overall site concentrations were significantly greater than corresponding 

overall background concentrations as determined by Wilcoxon rank sum test procedures. The two 

statistical background comparisons were conducted as parallel anaIyses. If either method 

suggested that site-specific concentrations deviated from naturally occurring levels, the chemical 

was retained for formal risk assessment. These comparisons help account for chemicals common 

in nature, such as aluminum, manganese, and arsenic. By virtue of this process, health risk 

potentially associated with naturally occurring chemicals is not addressed where concentrations 

do not exceed corresponding background values. The statistical methods used to determine 

background concentrations and the rationale used to compare site concentrations are discussed in 

Section 5 of this report. 

The background concentration is a fixed value determined to represent the upper bound of 

naturally occurring levels for a chemical in a specific matrix. Comparisons using background 

concentrations are most effective in identifying "hot spots," limited areas with pronounced 

impacts. Population tests, in this case performed using the Wilcoxon rank sum method, are used 

to determine whether values from one population (the site samples) are consistently higher or 

lower than those from another (the entire background data set). Ideally, population tests identify 

general elevations in chemical concentrations, absent definable hot spots. Statistical methods, 

UTL calculations, Wilcoxon rank sum test outputs, and background sample information are 

discussed in Section 5. In the RFI, if the maximum concentration of a CPSS was determined to 

be less than either background (via background concentration comparison and population test) or 

the risk-based screening value, it was not considered Eurther in the risk assessments unless deemed 

appropriate, based on chemical-specific characteristics (e.g., degradation product with greater 

toxicity). 
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Elimination of Essential Elements: Calcium, Iron, Magnesium, Potassium, and Sodium 

In accordance with RAGS Part A, essential elements that are potentiaHy toxic only at extremely 

high concentrations may be eliminated from further consideration as COPCs in a risk assessment. 

Specifically, an essential nutrient may be screened out of a risk assessment if it is present at 

concentrations not associated with adverse health effects. Based on RAGS, the lack of risk-related 

data, and USEPA Region IV's recommendations, the following essential nutrients were eliminated 

from the human health risk assessment: (1) calcium, (2) iron, (3) magnesium, (4) potassium, and 

(5) sodium. 

Summary of COPCs 

Screening evaluation results are presented on a medium-specific basis in each HHRA in 

Section 10. In summary, the risk information obtained from the Integrated Risk Information 

System (IRIS) or Health Effects Assessment Summary Tables (HEAST) is necessary to calculate 

risk, hazard estimates, and risk-based screening values. This information is based on toxicological 

and epidemiological data critiqued and approved by the scientific and regulatory community (i.e., 

listed in IRIS and/or HEAST). Risk information was not available for some CPSS; therefore, it 

was not possible to calculate risk and/or hazard for those chemicals. For each environmental 

medium sampled at an AOC or SWMU, the data were screened using risk-based and background 

values. Screening process results are presented in tables in each site specific HHRA. Chemicals 

determined to be COPCs through the screening process are designated with an asterisk. Total 

isomer concentrations reported for CDDs and dibenzofbrans (e.g., Total HxCDD) were not 

specifically used in formal assessment per USEPA protocol. No RBCs are available for the 

generic group total petroleum hydrocarbons (TPH). As a result, TPH assessment was consistent 

with the CNC screening level of 100 mg/kg for soil. 
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7.3.5 Calculation of Risk and Hazard 

Section 7.3.5 of the Drafr Zone A RFI Report discusses the calculation of risk and hazard as it 

applies to the Zone I RFI HHRA. 

7.3.6 Exposure Assessment 

Section 7.3.6 of the Drafr Zone A RFI Report discusses exposure assessment for the Zone I RFI 

HHRA. 

7.3.7 Toxicity Assessment 

Section 7.3.7 of the Drafr Zone A RFI Report discusses the toxicity assessment procedures for the 

Zone I RFI HHRA. 

7.3.8 Risk Characterization 

Section 7.3.8 of the Drafr Zone A RFI Report discusses the risk characterization procedures used 

for the Zone I RFI HHRA. 

7.3.9 Risk Uncertainty 

This section of the HHRA discusses the uncertainty andor variability inherent in the risk 

assessment process, along with medium and exposure pathway-specific influences. Risk 

assessment sections are discussed separately below; specific examples of uncertainty sources are 

included where appropriate. 

Gener a1 

Uncertainty factors into each step of the exposure and toxicity assessments summarized above. 

Combined with other uncertainties, initial uncertainties associated with the first stages of the risk 

assessment process become magnified. In the exposure assessment, the use of high-end estimates 

of potential exposure concentrations, frequencies, durations, and rates leads to conservative 
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chronic daily intake (CDI) estimates. Toxicological values for chemicals derived from USEPA 

databases and other sources are generally derived from animal studies. Uncertainty and modifying 

factors are applied to the results of these animal studies to predict potential human responses, and 

provide a margin of safety based upon confidence in the studies, Use of these safety margins 

during all exposure and riskihazard computations provides an extremely conservative means of 

predicting potential human health effects. The margins of safety or "conservatisms" inherent in 

each step of the human health risk assessment are addressed in the risk uncertainty discussions. 

All uncertainties or potential variability cannot be eliminated from the risk assessment process. 

However, recognizing the influences of these factors is fundamental to understanding and 

subsequently using risk assessment results. 

During the risk assessment process, assumptions are based on population studies and USEPA 

guidance. This guidance divides the assumptions into two basic categories: (1) the upper bound 

(90 to 95th percentile), and (2) the mean or 50th percentile central tendency (CT) exposure 

assumptions. As discussed in the exposure assessment section, the reasonable maximum exposure 

(RME) is based on the upper-bound assumptions, while CT exposure is based on mean 

assumptions, Therefore, risks and hazards calculated using RME assumptions are generally over, 

rather than underestimates. The following paragraph discuss sources of uncertainty and 

variability pertinent to each exposure pathway evaluated. 

Quality of Data 

Data collected during the Zone I investigation are presented in Section 10 of this RFI, which 

includes results from AOC and SWMU sites. The QAIQC of those data is addressed in Section 4. 

The purpose of the data evaluation is to verify that the QC requirements of the data set have been 

met and to characterize questionable data. 
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Most analytical results for environmental samples have inherent uncertainty. This uncertainty is 

a function of: (1) the matrix characteristics and heterogeneity, (2) the precision and accuracy of 

sampling, and (3) preparation and analysis methods employed. Although data are typically 

considered to be exact values, they are in reality the laboratory's best estimate within a range 

defined by method control limits. As a result, reported concentrations for any chemical can 

actually be under or overestimates of actual concentrations. 

Identification of COPCs 

Rather than addressing riskhazard for all chemicals detected, a risk based screening approach was 

used to select COPCs for further evaluation. Uncertainties associated with criteria used for 

identifying COPCs are discussed below. 

Exposure Pathways and Contaminants 

As discussed in Section 7.3.4 comparisons were made using the most conservative set of screening 

values (residential land use) provided by USEPA for each exposure medium, Many CPSS were 

eliminated from the formal assessment on this basis. Potential cumulative effects associated with 

multiple chemicals dismissed through this process are a valid concern. However, since maximum 

detected concentrations were used in the screening comparison with low range riskfhazard goals, 

much uncertainty is alleviated. More than 10 constituents would have to be present at near-IiBC 

concentrations to substantiate cumulative effects concerns. Although conservative screening 

methods are used, inhalation and dermal exposure are not incorporated into the soil screening 

values calculated by USEPA. If these pathways were the primary concern (as opposed to the 

ingestion pathway), the screening method could eliminate contaminants that should otherwise be 

considered COPCs. Zone I surface soil data are compared to soil-to-air cross-media transport via 

volatilization in the fate and transport discussion of this report. Constituents that can significantly 

contribute to risk via other exposure pathways, but were omitted based on comparison to 

residential RBCs, were added back to the list of COPCs. 
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Comparison to Background Concentrah'ons 

Because the HHRA estimates the excess cancer risk or health hazard posed by COPCs, individual 

sample data values for naturally occurring inorganic chemicals were compared to background 

concentrations in the Zone I RFI, after being compared to the risk-based screening values. As a 

corollary background screening method, the WiIcoxon rank sum test was used to compare site 

inorganic COPC data populations to corresponding reference data popuIations. The outcomes of 

the fixed point and Wilcoxon tests determined whether concentrations differed significantly 

between onsite and background locations, as detailed in Section 7.3.4. The dual approach to 

background screening reduces the probability for a COPC to be improperly dismissed from formal 

assessment. 

Additional uncertainty is introduced by comparing site data to nonspecific screening reference 

data. Although the background concentrations are specific to Zone I, they are not specific to 

individual AOCs or S WMUs. The use of zone-specific background standards, however, decreases 

the uncertainty normally resulting from using a single set of standards for the entire base. 

Ehinaiion of Essential Nutrients 

In accordance with RAGS, the following nutrients were eliminated from the Zone I HHRA: 

(1) calcium, (2) sodium, (3) potassium, (4) magnesium, and (5) iron. Toxicity from overexposure 

to these nutrients is only possible if human receptors are exposed to extremely high doses. 

USEPA recommends eliminating these compounds from formal risk assessment. Because no 

screening comparison was performed, the HIS calculated in the HHRA could be positively 

influenced by the nutrient concentrations detected onsite. Therefore, the HIS are possibly 

underestimates. 
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Characterization of Exposure Setting and Identification of Exposure Pathways 

Because of the highly conservative assumptions (e.g., future residential use) recommended by 

USEPA Region IV, high bias potential is introduced through the exposure setting and pathway 

selection when assessing potential future and current exposure. The assumptions made in the site 

worker scenario are also conservative and tend to overestimate exposure. Current site workers 

are not exposed to site groundwater. They are infrequently exposed to surface soils when walking 

across the site, using commercial facilities, or mowing the grass. Site workers could not be 

expected to stay in contact with affected media for eight hours per day, 250 days per year, as 

assumed in the exposure assessment. Mowing grass 52 days per year would result in 

approximately one-fifth the projected risWhazard for site workers. 

Residential use of Zone 1 sites is not likely, based en historical use, the nature of surrounding 

areas, and potential use/reuse plans. If this area were to become residential in the future, most 

of the present buildings would be demolished and the surface soil conditions would likely change. 

The area could be covered with roads, paved driveways, landscaping soil, and/or houses, or parts 

of the property could be made into playgrounds. Consequently, exposure to current surface soil 

conditions would not be likely under a true future residential scenario. Exposure pathways 

assessed in the HHRA would generally overestimate the risk and hazard posed to future site 

residents. 

Groundwater is not currently used at any Zone I location as a source of potable or process water. 

A basewide potable water system provides drinking and process water to buildings throughout 

Zone I. This system is to remain in operation under the current base reuse plan. Accordingly, use 

of shallow groundwater would not be expected under future use scenarios. Therefore, the 

riskhazard calculated for shallow groundwater exposure is highly conservative. 
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Additionally, the shallow aquifer monitored during the RFI naturally contains significant 

concentrations of chlorides and TDS. As such, this water-bearing zone's potential as a potable 

water source is questionable. Absent potential potable uses for the shallow aquifer, the 

applicability of tap-water-based screening or remedial standards is questionable. 

Determination of Exposure Point Concentrafrafrons 

Based on the guidance provided by USEPA, EPCs are concentrations used to estimate CDI. The 

uncertainty associated with EPCs stems primarily from their statistical determination or the 

imposition of maximum concentrations, described below, 

Statistical Estimation of Exposure Point Concentrah'ons 

USEPA's Supplemental Guidance to RAGS: Calculating the Concentration Term guidance 

outlines a statistical estimation of EPC. These calculated concentrations are 95% UCLs for the 

arithmetic mean, which are based on certain assumptions. USEPA assumes that most (if not all) 

environmental data are lognormaily distributed. This assumption can lead to over or 

underestimation of the concentration because many environmental data are neither normally nor 

IognormalIy distributed. 

The UCL calculation method includes the H-statistic, which is based on the number of samples 

analyzed for each COPC and the standard deviation of the results. To obtain this number, a table 

must be referenced, and the value must be interpolated (estimated) from the table, Although the 

statistic appears to be nonlinear, local linearity was assumed as a way to interpolate the statistic 

for each COPC addressed in the HHRAs. 

Linear interpolation provides a good estimate of the H-statistic; however, both the UCL formula 

and H are natural log values. The effect of multiplying natural log numbers is not equivalent to 

multiplying untransformed values. When data are log transformed, adding two numbers is the 
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equivalent of multiplying the two numbers if they were not transformed. The effect of multiplying 

a number while in log form is exponential; here H is applied as a multiplier. In summary, using 

this method to calculate the UCL has the effect of overestimating, and often provides 

concentrations greater than the maximum detected onsite. For all data sets with fewer than 

10 total samples for a specific medium, the maximum concentrations detected were used as EPCs. 

The limited number of soil and groundwater samples used to assess site conditions often resulted 

in considerable variability between data points, and thus relatively high standard deviations about 

the mean. The high standard deviation elevates UCL projections. 

Although RAGS advocates using neither worst-case scenarios nor maximum concentrations as 

EPCs, the use of the H-statistic often necessitates using the reported maximum concentration as 

the EPC. In accordance with RAGS, the lesser of either the maximum concentration or the UCL 

is used as the EPC. As reviewed above, summation of risk based on maximum concentrations 

leads to overestimation of exposure, especially in the case of low frequency of detection or 

spatially segregated COPCs. This concept is further discussed below. 

Frequency of Detection and Sp& Distribution 

Because of the influence of the standard deviation on EPC, low frequency of detection can cause 

COPCs to be addressed inappropriately in the risk assessment. More specif cally , COPCs detected 

only once or twice in all samples analyzed (having concentrations exceeding the RBCs and 

reference concentrations) would be expected to show relatively higher standard deviations as 

concentration variability or range widens. A higher standard deviation results in a high H-statistic, 

typically leading to a UCL greater than the maximum concentration detected onsite. If that is the 

case, use of the UCL or maximum concentration detected as the EPC (or possibly the inclusion 

of the COPC in question as a COC) may not be appropriate, if the EPC can be assumed to be 

widely distributed spatially. A receptor cannot feasibly be exposed simultaneously to maximum 

concentrations of different contaminants at several locations. The use of the maximum 
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concentrations (or the UCL) is questionable for these contaminants, and the calculated risWhazard 

could be skewed upward due to the low frequency of detection. 

In some instances, hot spots can be defined within the investigation area. A hot spot is an isolated 

area of concentrated contamination within a larger area not impacted, or much less so. Exposure 

quantification in the presence of a hot spot may be achieved by calculating a fraction 

ingested/fraction contacted (FI/FC) ratio from a contaminated source factor. This calculation is 

based on the percentage of the total exposure area encompassed by the hot spot, modifying the 

maximum (or restricted area average) contaminant concentration to derive the EPC. 

Toxicity Assessment Information 

Uncertainty is generally recognized in developing human toxicological risk from experimental 

data. This is primarily due to uncertainty of data extrapolation in the areas of: (I) high- to 

lowdose exposure, and (2) animal data to effects in humans. The site-specific uncertainty occurs 

mainly in the degree of accuracy of the exposure assumptions. Most of these assumptions cannot 

be verified; for example, the degree of chemical absorption fiom the gut or through the skin, or 

the amount of soil contact is not known with certainty. 

The uncertainty of toxicological values from the IRIS and HEAST databases provided by USEPA 

is summarized (where available) in each HHRA. Among other factors, the uncertainty assigned 

to these values account for: (1) acute to chronic dose extrapolation, (2) study inadequacies, and 

(3) sensitive subpopulations. Uncertainty factors ranging from 1 to 10,000 are applied by USEPA 

to help guarantee a conservative overall assessment for risWhazard, relative to human health 

concerns. The possibility of uncertainty obligates the USEPA and the risk assessor to make 

conservative assumptions to eliminate actual health risk that is greater than that determined via 

the risk assessment process. Alternatively, the process is not intended to be overly conservative 
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so risk values have no basis in actual conditions. This balance was considered in developing 

exposure assumptions and pathways, and in interpreting data and guidance for Zone I site HHRAs. 

Evaluation of Dioxin Congeners as 2,3,7,8-TCDD Equivalents 

Where CDDs and dibenzofurans were detected in soil, TEQs were derived by multiplying the 

concentration of each dioxin congener by its corresponding USEPA TEF. The resulting TEQs 

were then summed for each sample, comparing the total to the 1,000 nglkg AL. If the total TEQ 

value was less than 1,000 ng/kg, then soil dioxins are not expected to pose an unacceptable risk. 

Groundwater exposure quantification used TEQ values computed for each monitoring point. 

Evaluation of Chemicals for Which No Toxicity Values Are Available 

Parameters not having corresponding RBCs due to the lack of approved toxicological values were 

not included in the CDI calculation data. However, this does not indicate that chemicals lacking 

approved toxicological values pose no risklhazard. As stated previously, essential nutrients were 

excluded from the HHRA based on their low potential for toxicity. 

Quantification of Risk/Hazard 

This section of each HHRA discusses potential sources of uncertainty or variability not covered 

in preceding sections. Each exposure medium identified in the formal risk assessment process is 

discussed briefly. 

Mapping RiskfHazard 

Risk and hazard maps presenting site-specific HHRA results are presented in Section 10. For 

selected sites, point maps were constructed showing the cumulative ris~hazard computed at 

specific locations. Location-specific data were summed and plotted to illustrate ranges of total risk 

and/or total hazard at sites where such presentations could be supported. 
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Risk and hazard point mapping is a useful risk assessment tool for determining whether hot spots 

(or isolated areas of gross contamination) are present in an otherwise unimpacted area. This is 

important because heterogeneous contaminant distribution can affect the magnitude of exposure 

to affected media. It is sometimes appropriate to estimate the FIfFC from the contaminated source 

in computing CDI. Point maps allow for visual analysis of risk and hazard distributions, as well 

as easier estimation of the extent of hot spots relative to the overall site area. These maps also 

support preliminary scoping of remedial requirements and assessment of potential cleanup 

alternatives in the CMS. 

7,3,10 Risk Summary 

In each site-specific HHRA, the risk and hazard projected for each receptor group, exposure 

medium, and exposure pathway are discussed separately. 

7.3.11 RGOs 

Section 7.3.11 of the Draft Zone A RFI Report discusses RGOs as they apply to the HHRA for 

Zone I RFI. 
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8.0 ECOLOGICAL RISK ASSESSMENT 

The ecological risk assessment (ERA) is a key component of the BRA. Its purpose is to develop 

a qualitative and/or quantitative ecological appraisal of the actual or potential effects on the 

ecosystem from CNC Zone I contamination. The assessment considers environmental media and 

exposure pathways that could result in unacceptable levels of exposure to flora and fauna now or 

in the foreseeable future. The approach to assessing risk components at Zone I was based on 

Ecological Risk Assessment4uidance for Superfund: Process for Designing and Conducting 

Ecological Risk Assessments (USEPA, 1997b), Risk Assessment Guidance for Superfund, 

Volume II-Envirtmrnental Evaluation Manual (USEPA, 1989b), and Framework for Ecological 

Risk Assessment (USEPA, 199261). 

Zone Rationale 

Eight Ecological Study Areas (ESAs) were designated to help appropriately qualify geographic 

boundaries of CNC areas with contiguous habitats or similar ecosystem distributions (Figure 8.1). 

Within these ESAs, smaller Areas of Ecological Concern (AECs) were further specified to focus 

the investigation on potential AOCISWMU contribution and consequent receptor exposure. This 

survey methodology, which is used in conjunction with the Zone I RFI Report, is also described 

in the Zone J RFI Work Plan (E/A&H 1995b). 

Zone configurations for the basewide RFIs were based on AOC or SWMU locations, and 

therefore do not necessarily parallel ESA or AEC boundaries. Zone I, which contains portions 

of two ESAs (ESAs IV and V) , is mostly within AEC V-3, the largest area of ecological concern 

at CNC. The northern part of Zone I is a fully developed coastline and was not considered 

relevant to this ERA based on the lack of habitat and receptors. It is designated on Figure 8.2 as 

a "Non-Ecological Area" and will not be discussed relative to ecological risk. If Zone I RFI data 

indicate potential contaminant migration to aquatic areas outside the Zone I perimeter, risks to 
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applicable ecological receptors will be evaluated during the Zone J investigation of the surrounding 

water bodies. 

Three geographical areas will be addressed in this risk assessment, each with similar and 

contiguous habitats constituting portions of AEC V-3. For discussion purposes, these areas will 

be designated as Subzones I-1,I-2, and 1-3 (also on Figure 8.2). Since the assessment addressed 

the entire ecological subzone, the total number of contaminant detections and concentrations 

reported in this section refers to samples collected throughout this larger subzone, not just those 

from a single AOCISWMU. It should also be noted that some samples are used in more than one 

subzone assessment, and may not be specific to any one subzone. Specific endpoints and 

assessment techniques used for the ecological risk assessment of each subzone are presented in the 

following sections. 

8.1 Problem Formulation 

Environmental Setting 

Subzone I-I - This subzone includes an approximately %-acre dredged material area (DMA) used 

by the Navy for deposition of permitted inland spoils. Although there are no AOCsISWMUs in 

this subzone, two soil samples, seven sediment samples, and five surface water samples were 

collected to aid the overall area assessment. The DMA, currently inactive, last received dredge 

spoils in 1993 during maintenance dredging in Shipyard Creek. The DMA is surrounded by a dike 

approximately 15 feet above msl, and the northernmost portion (near Partridge Avenue) has been 

filled, creating an approximately 5-acre plateau which is significantly higher than the rest of the 

subzone. Frequent inundation of the DMA has limited the interior habitat to early successional 

vegetation throughout, characterized by low-shrub cover with several stands of young trees. 

Observed plant species include Southern red cedar (Juniperus silicicola), broom sedge 

(Andorpogon spp.), coastal plain willow (Salix caroliniana), groundsel tree (Baccharis 

halimifolia), and tallow tree (Sapium seviferum). Drainage within the DMA is directed by several 



I LEGEND: - 

FIGURE 8.1 
ECOLOGICAL 

INVESTIGATION REPORT STUDY AREAS 
NAVAL BASE CHARLESTON LOCATION MAP 

Date: 07 /I R /QQ I owt: Nnmc. ~ m o r n ~ n  



5UBZOFJE 1-2 ~jFELDS/RQADWAW 

I m s m r  1-3 p L f  MU(W) 

SOlL SAMPLE LWAlWN 

r SEDIMENT SAMPLE LWTIQN 

8 SURFACE WATER SAMPLE LrnTION 

SUBZONE I-A 

9%LE IN FEET 



Zone I RCRA Facility Investigation Reporr 
Charleston Naval Complex 

Section 8 - Ecological Risk Assessment 
Revision: 0 

long narrow channels transecting the site, which lead to two spillways along the western and 

southern dikes. Because the drainage channels and the low-lying areas around the spillways often 

retain water, hydrophytic vegetation (Typha spp.) has established itself in these predominantly 

wet areas. Habitats in Subzone 1-1 provide suitable nesting andlor foraging areas for red-wing 

blackbirds (Agelaius phoeniceus), egrets and herons (Family Ardeidae), white ibis (Eudocimus 

albus), and other waterfowl. The drier upland areas to the northeast offer nesting and/or foraging 

habitat suitable for bird species such as killdeer (Chadradrius vociferus), red-tailed hawk (Buteo 

jamicensis), American kestrel (Falco sparverius), Eastern meadowlark (Sturnella magna), and 

Savannah sparrow (Passerculus sandwichenis). The predominant terrestrial faunal species 

associated with this upland habitat include white-tailed deer (Odocoileus virginianus), Eastern 

cottontail rabbit (Sylvilagus floridanus), gray fox (Urocyon cinereoargenteus), and raccoon 

(Procyon lotor), along with other small mammals, reptiles, and amphibians. A variety of 

shorebirds may also occasionally forage in the flooded portions of Subzone 1-1. 

Subzone 1-2 - This subzone encompasses the approximately 66 acres of forested habitat 

surrounding the DMA and throughout the southernmost peninsula of Zone X. The open grass 

fields around the bunkers west of Juneau Avenue are also included. All six Zone I AOC/SWMU 

sites with potentially affected natural terrestrial habitats are inside Subzone 1-2. Sixty-nine soil 

samples (upper interval) were collected from this subzone's terrestrial sites, and four sediment 

samples from the drainage ditch along the inland side of Juneau Avenue. Vegetation throughout 

the wooded portion of the subzone consists of mid- to lowercanopy trees typical of mid-succession 

areas, including Southern hackberry (Ceitis laevegata), tallow (Sapium setriferum), Eastern 

sycamore (Platanus occidentalis), Eastern red cedar, and red mulberry (Morus rubra). The dense 

understory found throughout most of the subzone consists of woody and herbaceous species such 

as honeysuckle (Lonicera spp.) and wax myrtle (Myrica cerifera). Observed fauna in Subzone 1-2 

is also typical of mid-succession habitats and includes passerine species such as cedar waxwing 

(Bombyilica cedrorurn), loggerhead shrike (Lanius ludovicianus), sparrows, warblers, and 
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American robin (Turdus migratorius). Mammals that may live in Subzone 1-2 include the Eastern I 

gray squirrel (Sciurus carolinensis), Eastern cottontail rabbit, and small rodents. The subzone 2 

may also support populations of various native reptiles and amphibians. 3 

Subzone 1-3 - This subzone, a 3.5-acre saIt marsh immediately south of the DMA, is a typical 

estuarine intertidal emergent wetland. Although there are no AOCsiSWMUs associated with this 

subzone, two sediment and two soil samples were coHected inside or near its boundary as part of 

the DMA sampling plan and zonewide grid-based soil sampling. The hydrology of this Spartina 

spp. wetland is influenced by the drainage swale leading from a spilIway in the southern portion 

of the DMA, which leads into the wetland, then flows beneath Juneau Avenue and into the 

Cooper River. With this unobstructed connection to the river, the wetland is regularly inundated 

during high tide. The wetland and intertidal zone's mud flats and scrub-shrub vegetation provides 

foraging habitat for numerous avian species, including northern harriers (Circus cyaneus), black- 

crowned night herons (Nycticorax nycticorax), marsh wrens (Cistothoruspalustris), egrets (Egretta 

spp.), white ibis (Eudocimus albus) , and fiddler crabs (Uca spp.). Since the terrestrial habitat 

in this subzone is limited to a narrow riparian fringe, subzone terrestrial receptors will be 

addressed in the assessment of the surrounding wooded Subzone 1-2. 

Threatened and Endangered Species 17 

Several species of concern may live in parts of Zone I. Table 8.1 provides a list of those species 18 

which have been either historically or recently identified on or near CNC, and risks to these 19 

species from contamination will be addressed as appropriate. Appendix F presents a list of species 20 

actually observed at CNC. 2 1 
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Table 8.1 
Federal and State L i e d  Threatened, Endangered, and Candidate Species 

That Occw or Potentially Occur at CNC 

Species Status 

Residence 
Common Name Sdentlfic Name Status USF&WS SCWMRD 

Reptiles and Arnpbibjans 

Flatwoods Salamander Ambvstoma cinnutatun UR C2 SC 

Broad-Striped Dwarf Siren Pseudobrackus striatus striaus PR SC 

Gtretta carena PM T T 

Kunp's Ridley Sea Turtle Ltpidochefys kempi PM E E 

Island G U  Lirard 0phisauru.s compressus U R  SR SR 

Birds 

Brown Pelcan Pelccanrrp occidentalis LM - SC 

Wood Stork Mycteria atnericann LM E E 

American Swallow-Tailed Kite Etanoides fo@catus forficarus PM SR E 

Red- Cockaded Wooduecker Picoides borealis U R  E E 

- 
A d c  Percgegriat Falcon Falco p e r e g w  nMMw PM T T 

Piping Plover Charadrius mrl& PM T T - - 
Least Tern Sterna antillerwn CR - T 

Least Tern Breedihg Colony CR - SC 

Wading Bird Breeding Colony CR' - SC 

Mammals 

Black Bear Ursw americmus UM - SC 

West Indian Manatee Trichechus manatus PM E E 

Fish 

Shomse Surgeon Ac&emer brevirostnun J.M E 6 
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Table 8.1 
Federal and State Listed Threatened, Endangered, and Cmdidate Species 

That Occur or Potentially Occur at CNC 

Species Status 

Residence 
Common Name Scientific Name Status USF&WS SCWMRD 

Plants 

Pondberry Lindera melissifolia UR E E 

Sea-Beach Pigweed UR SR NC 

Chaff-Seed Schwalbea americm UR SR NC 

Climbing Fern UR SL 

Baldwin Numsh Scleria baldwinii U R  - SL 

Nodding Pogonia Triphora trianthophora U R  - S L  

Savannah Milkweed Asclepias pedicrllato U R  RC 

Sweet Pinesap Monotropsis odorma UR - RC 

Climbing Fetter-Bush Pieris phillyrciforia U R  - SL 

Sea Purslane Trianfhem portulacasfnun CR - SC 

Wading bird colony has been a confirmed 
resident a the base, but was rot present during 
Weld studies in April 1994. 
Confirmed resident 
Possibie resident 
Unlikely resident 
Likely migrant or occasional visitor 
Possible migrant or occasional visitor 

Unlikely migrant or ocusional visitor 
Of concern, state 
Status review 
Endangered 

T 
SL 
RC 
NC 
C2 
TISA 
USF&WS 
SCWMRD 

Source: 

Threatened 
State listed 
Of concern, regionat 
Of concern. national 
Candidate species for federal listing, Category 2 
Threatened due to similarity of appearance 
U.S. Fish and Wildlife Service 
South Caralina Wildlife and Marine Resources 
Department 

Final Environntemal Irnpua Stutemnt for Disposal Md 
Reuse of 111e Charlcsron Naval Bnre (EBrE. June 1995). 
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8.2 Conceptual Model 

Figure 8.3 presents a conceptual model of pathways from potential contaminant sources to 

ecological receptors in Zone I subzones. For this assessment, exposure routes directly related to 

soil pathways are evaluated for Subzones 1-1 and 1-2. Subzones 1-1, 1-2, and 1-3 will be 

preliminarily characterized for sediment exposure routes to determine the need for subsequent 

assessment during the Zone J WI of surrounding water bodies. A preliminary evaluation of 

contaminants detected in Zone I groundwater will also be conducted during the Zone J RFI to 

assess risks associated with potential migration and discharge to adjacent surface water bodies. 

Direct impacts to plants are not assessed but transfer mechanisms are considered in food chain 

transfer analyses. Specific contaminant toxic mechanisms to vegetation are also discussed. 

8.3 Selection of Ecological Chemicals of Potential Concern 

Section 10 of this report discusses previous activities at Zone I AOCs and SWMUs which may 

have impacted the surrounding ecosystem. COCs from these activities have been identified and 

quantified according to USEPA methods and protocols for analyses of soil, surface water, and 

sediment. 

For an ERA, COCs are further evaluated and classified as Ecological Chemicals of Potential 

Concern (ECPCs) using ecological-based selection criteria. For example it is presumed, even 

considering root development in the lower strata, that most biological effects will be limited to the 

upper zone, and thus only the results from surficial soil (0 to 1 foot bgs) are addressed. Based 

on the transient or mobile nature of biological components within the subzones (i.e., a species 

home range), parameter concentrations detected at one location will be used in this ERA to assess 

the entire subzone. Risk will be estimated using the maximum concentration detected; for 

concentrations that pose significant risk, mean concentrations will be used for risk calculation. 

Although Zone I groundwater has been monitored, the water table (approximately 5 to 15 feet bgs) 

is below the depth likely to be encountered by non-aquatic receptors, and thus assessing 
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groundwater's ecological impact immediately inside the zone perimeter is not warranted. Potential 

impact from migration and discharge of contaminated groundwater to the surrounding water bodies 

will be addressed in the Zone 3 RFI. 

Inorganic parameters detected in subzone surface soil are identified as ECPCs if they exceed the 

background UTL or lack a corresponding UTL. Any organic constituent detected in more than 

5 % of the subzone's samples was considered an ECPC. Conversely, any inorganic or organic 

constituent detected in less than 5 % of the samples was not considered an ECPC. 

Surface water anaIytes were selected as ECPCs if the maximum concentration detected exceeded 

the South Carolina or USEPA water quality criteria, exceeded the USEPA Region IV Screening 

Value (USEPA 1995a), or if appropriate benchmarks were unavailable. 

In sediment, analytes were selected as ECPCs if the maximum concentration detected exceeded 

the USEPA Region IV Sediment Screening Value (SSV) (USEPA 1995a), exceeded the most 

conservative effects level found in literature, or if appropriate benchmarks were unavailable. 

Calcium, iron, magnesium, potassium, and sodium were not assessed as they are naturally 

occurring nutrients. Tables 8.2 through 8.7 present ECPCs identified for Subzones I-1,I-2, and 

1-3. 
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Table 8.2a 
Subzone Ll  

Organic Constituents in Surface Soil 

Number of Range of Concentrations 
Compound Name Detections bnncP;) ECPC 

Toluene 1 2.0 Yes 

Tetrachloroelhene 1 1 .O Yes 

Benzo(k)fluoranthene 1 66 Yes 

Pesticides (N = 2) 

Beta BHC 1 2.6 Yes 

Notes: 
N = Number of samples 
pglkg = microgram per kilogram 

Table 8.2b 
Subzone 1-1 

Inorganic Constituents in Surface Soil 

Inorganic Number of Number of Ranae of Concentrations Upper Tolerance Uni t  

Antimony 2 1 0.32 Not validb Yes 

Arsenic 2 1 11.4 21.6 No 

Barium 2 2 5.9 - 28.7 54.2 No 
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Table 8.2b 
Subzone 1-1 

inorganic Constituents in Surface Soil 

Inorganic Number of Number of Range of Concentrations Upper Tolerance $hit 
Elements Samples Detections (maikg) of Background ECPC 

Manganese 2 2 25.3 - 318 419 No 

Nickel 2 2 0.58 - 17.7 23.9 No 

Tin 2 1 1.4 7.5 No 

Notes: 
a = See Section 5 for Upper Tolerance determination. 
b = Number of nondetections prevented determination of upper tolerance limit. 
NA= Data not available 

Table 8.3a 
Subzone 1-2 

Organic Constituents in Surface Soil 

Number of Range of Concentrations 
Compound Name Detections ECPC 

Ethylcyanide 1 660 NO 

Freon 1 13 2 4 -15 NO 

Methylene Chloride 1 28 NO 

Toluene 25 1 - 27 Yes 

Benzo(a)anthracene 19 43 - 1.500 Yes 
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Table 8.3a 
Subzone 1-2 

Organic Constituents in Surface Soil 

Number of Range of Concentrations 
Compound Name Detections bglkg) ECPC 

Benzo(b)fluoranthene 25 42 - 2.400 Yes 

Benzo(g,h,i)perylene 2 150 - 430 No 

bis(2-Ethyihexyl)phthalate (BEHP) 24 44 - 2,400 Yes 

Dibenzo(a,h)anthracene 1 130 No 

Indeno(l,2,3-cd)py rene 2 81 -410 No 

1 -Methy Inaphthalene 8 47 - 760 Yes 

2-Methylnaphthalene 6 39 - 690 Yes 

4-Methy lphenol 1 160 No 

Pentachlorophenol 1 45 No 

Pyrene 26 30 - 2,200 Yes 

Aldrin 4 1.7 -2.7 Yes 

beta-BHC 9 1.3 - 8  Yes 
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Table 8.3a 
Subzone 1-2 

Organic Constituents in Surface Soil 

Number of Range of Concentrations 
Compound Name Detections b%kg) ECPC 

Endrin 4 1.2 - 5.6 Yes 

gamma-BHC (Lindane) 3 1.2 - 3.7 No 

Methoxychloride 5 1.9 - 75 Yes 

Polyehtorinated Biphcnyis (N = 59) 

ArocIor 1260 9 23 - 170 Yes 

OP Pesticide (N = 6) 

Disulfoton 1 3.4 Yes 

Dioxin (ng/kg) (N = 24) 

Total Tetradioxins 4 2.70 - 5.69 Yes 

Notes: 
N = Number of samples 
pglkg = micrograms per kilogram 
oglkg = nanograms per kitogram 

Table 8.3b 
Subzone 1-2 

inorganic Constituents In Surface Soil 

Inorganic Number of Number of Range of Concentrations Upper Tolerance vmi t  
Elements Samples Detections (mi!@) of Background ECPC 

Antimony 69 20 0.26 - 21.4 

Barium 69 63 5.4 - 203 54.2 Yes 

Cadmium 69 29 0.07 - 1.4 0.61 Yes 

Chromium VI 5 1 0.628 NA No 
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Table 8.3b 
Subzone 1-2 

Inorganic Constituents in Surface SoiI 

Inorganic Number of Number of Range of Concentrations Upper Tolerance +,hit 
Elements Samples Detections (mglkg) of Background ECPC 

69 63 0.72 - 483 24.0 Yes 

Lead 69 44 1.8 - 949 203 Yes 

Manganese 69 Yes 

Mercury 69 25 0.12 - 0.39 0.47 Yes 

Selenium 69 58 0.48 - 2.2 1.49 Yes 

Thallium 69 1 0.71 Not validb No 

Tin 69 23 0.96 - 42 7.5 Yes 

Tetrabutyltin 40 2 5.5 - 316.23 NA No 

Vanadium 69 63 2.6 - 83.8 113 No 

Zinc 69 68 2.6 - 876 206 Yes 

Notes: 
a = See Section 5 for Upper Tolerance determination. 
b = Number of nondetections prevented determination of upper tolerance limit. 
NA = Data not available. 
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8.4 Contaminant Fate and Transport I 

Surface soil across Zone I consists of fine- to medium-grained sand with silt and some clay. This 2 

soil type is typically low in organic material with high permeability and low pH. These factors 3 

most likely limit development of a microbial community and reduce the likelihood that sorbed 4 

organic contaminants will undergo microbial decomposition. The expected fate of these 5 

contaminants is to remain in the soil and undergo degradation and/or migrate downward. 6 

Contaminants sorbed to surface soil could also conceivably be transported via air or surface water 

runoff, although these pathways are unlikely as major routes. Contaminants are not expected to 

spread far via surface runoff due to the substrate's highly permeable nature. Physical adsorption 

of contaminants to soil particles and available organic material also limits horizontal migration. 

Migration via air pathways could be significant only as it relates to dispersal of upper soil layer 

particles during high winds typical of coastal areas. Because sand particles are relatively large 

and heavy, extended migration through this route is not expected. Fate and transport issues are 

presented in Section 6. 

8.5 Exposure Pathways and Assessment 

8.5.1 Infaunal Invertebrates 

The primary exposure pathway for infaunal invertebrates will be direct contact with surface soil. 

An assessment endpoint of a well-balanced soil infaunal community will be qualitatively measured 

by comparing literature data on toxic effects with actual soil concentrations. 

8.5.2 Terrestrial Wildlife 

For terrestrial wildlife species, exposure would include direct dermal contact, ingestion of soil 

particles, and food-chain transfer. Small mammals could contact contaminated soil if the area is 

used as a migratory corridor or if they burrow into it. The contact time, and thus exposure, will 

be Limited when animals are crossing the area, but could be lengthy if burrows are established. 

Dermal contact by small reptiles and amphibians would be similar to that for mammals. For insect 
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populations, direct exposure to grounddwelling species could provide a link for contaminant 

transfer to higher-level predators. 

The assessment endpoint selected for terrestrial wildlife in Subzones 1-1 and 1-2 is the maintenance 

of well-balanced terrestrial wildlife populations and communities. As a measure of the assessment 

endpoint selected, results were used from laboratory toxicity studies in literature that relate the 

oral dose of a contaminant to adverse growth, reproduction, or survival responses. Selected 

measurement endpoint species include: red-tailed hawk (Buteo jamaicensis) and Eastern cottontail 

rabbit (Sylvilagusfloridanus) in Subzone 1-1,  and American robin (Turdus migratorius), Eastern 

cottontail, and short-tailed shrew (Blarina brevicauda) in Subzone 1-2. All of these species are 

likely to occur within the designated subzones in Zone I. 

To assess biotransfer of contaminants along food chains the total potential dietary exposure (PDE) 

has been modeled for representative wildlife species within Subzones 1-1 and 1-2. PDEs are 

calculated based on predicted concentrations of the ECPC in food items that the species would 

consume, the amount of soil it would ingest, the relative amount of different food items in its diet, 

body weight, and food ingestion rate (Table 8.8). The concentrations of ECPCs in food items are 

estimated based on bioaccurnulation factors (BAFs) reported in literature, which are a ratio of the 

ECPC concentration in dietary items to the concentration in soil. The BAFs reported for avian 

and mammalian species are reported ratios of ECPCs in the animals' tissue to ECPC 

concentrations in their diets. 

The site foraging factor (SFF) considers the frequency of feeding in the site area by estimating its 

acreage relative to the receptors' feeding range, and by considering the fraction of the year the 

receptor would be exposed to site contaminants. To generate conservative SFF values, it was 

assumed that each species foraged within the designated subzone 100% of the year (exposure 

duration factor = 1.0). 
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Table 8.8 
Wildlife Contaminant Exposure Model for Surface Soil 

Food Contaminant Concentration 
(T,) in mg/kg = 

BAF' x Soil Contaminant Concentration (mg/kg) 

Soil Exposure (SE) in mg/kg = (% diet soil) x Soil Contaminant Concentration (mg/kg) 

PDE (mg contaminantlkg BWIday) = 

where : 

pn = percent of diet composed of food item n 

Tn = Food Contaminant Concentration (mglkg) 

I b i e t  = food ingestion rate of receptor (kg of food per day) 

SFF = site foraging factor (cannot exceed 1)  

BW = receptor body weight (kg) 

BAF' = bioaccumulation factor from Table 8.10 

PDE = Potential Dietary Exposure 

8.5.3 Vegetation 1 

Woody and herbaceous vegetation in Subzones 1-1.1-2, and 1-3 could incorporate certain detected 2 

constituents (metals) through processes such as uptake/accumulation, translocation, adhesion, or 3 

biotransformation. Terrestrial herbivores could also ingest plant-borne constituents. 4 
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8.5-4 Aquatic Wildlife 1 

The primary exposure pathway evaluated for aquatic wildlife species in Subzones 1-1 and 1-3 will 2 

be contactiinterface with water and sediment. An assessment endpoint evaluating the aquatic 3 

community health has been selected, with a measurement endpoint that predicts chronic effects 4 

on aquatic community species. 5 

8.6 Ecological Effects Assessment 

Stressor Characteristics 

Inorganics 

In general, heavy metals adversely affect survival, growth, reproduction, development, and 

metabolism of both terrestrial and aquatic invertebrate species, but effects are substantially 

modified by physical, chemical, and biological variables. Pascoe et al. (1994) observed that 

bioavailability of metals and arsenic in soil to small mammals is generally limited. Their study 

also suggests that metal and arsenic intake for higher trophic species may be similarly limited. 

Most heavy metals do not biomagnify. In contact tests with terrestrial earthworms the order of 

toxicity for heavy metals, from most to least toxic, was copper > zinc > nickel > cadmium > 
lead. 

There are relatively little data on the behavior of antimony. Over a broad range of soil oxidation 17 

reduction potentials (-0.5 to 0.5), most soil antimony is expected to be insoluble, if pH is less than 18 

7.5, and thus have limited mobility. 19 

Arsenic occurs naturally, and is constantly changing as it cycles through the environment. Many 20 

inorganic arsenicals are known teratogens and are more toxic than organic arsenicals (Eisler, 21 

1988a). Soil biota appear to be capable of tolerating and metabolizing relatively high 22 

concentrations of arsenic (microbiota to 1,600 mglkg) (Wang et a!., 1984). Adverse effects on 23 

aquatic organisms, however, have been reported at concentrations of 19 to 48 pg/L in water. 24 

Arsenic in soil does not appear to magnify along the aquatic food chain. 25 
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Cadmium is a relatively rare heavy metal. It is a known teratogen and carcinogen and probably 

a mutagen, and has been implicated as the cause of severe deleterious effects on fish and wildlife 

(Eisler, 1985). Birds and mammals are comparatively resistant to the biocidal properties of 

cadmium. Freshwater organisms appear to be the most susceptible group to cadmium toxicity, 

and this is modified significantly by water hardness. Adsorption and desorption processes are 

likely to be major factors in controlling cadmium concentrations in natural waters. Cadmium 

rapidly adsorbs and desorbs on mud solids and particles of clay, silica, hurnic material, and other 

naturally occurring solids. 

Hexavalent chromium produces more adverse effects on biota than does the trivalent phase. In 9 

clayey sediments, trivalent chromium dominates and benthic invertebrate bioaccumulation is lo 

limited (Neff et al., 1978). The solubility and potential bioavailability of waste chromium added 1 1  

to soil through sewage sludge are modified by soil pH and organic complexing substances (James 12 

and Bartlett, 1983). 13 

Copper is an essential micronutrient and is therefore readily accumulated by aquatic organisms. 14 

It is a broad-spectrum biocide, which may be associated with both acute and chronic toxicity. is 

In soil, lead concentrates in organic-rich surface horizons (NRCC, 1973). Lead's estimated 16 

residence time in soil is about 20 years (Nriagu, 1978). In sediments, lead is primarily found in 17 

association with iron and manganese hydroxides and may also form associations with clay and is 

organic matter. Under oxidizing conditions, lead tends to remain tightly bound to sediments, but 19 

is released into the water column under reducing conditions. Lead may accumulate to relatively 20 

high concentrations in aquatic biota. 21 

Mercury is a known mutagen, teratogen and carcinogen. It adversely affects reproduction, 22 

growth, development, motor coordination, and metabolism. Mercury has a high potential for 23 

bioaccumulation and biomagnification, and is slow to depurate. Organomercury compounds 24 

8.34 
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produce more adverse effects than inorganic mercury compounds. Inorganic mercury can be 

modified to organic mercury compounds through biological transformation processes. 

In natural waters zinc speciates into the toxic aquo ion, other dissolved chemical species, and 

various inorganic and organic complexes, and is readily transported. Most zinc introduced into 

aquatic environments is eventually partitioned into the sediments. Reduced conditions enhance 

zinc's bioavailability. 

No information was available on the toxicological effects associated with other inorganic ECPCs 

for soil and sediment, 

Organics 

Very little data are available to calculate the toxic effects or potential dietary uptake of VOCs by 

terrestrial organisms. Information is primarily available from human health effects studies on 

inhalation of specific compounds by laboratory animals. It is difficult to assess the impact from 

the limited occurrence and relatively low concentrations of volatile compounds observed in Zone I 

samples, but it is predicted that there will be little to no effect on terrestrial species. For example, 

acetone evaporates very quickly in the environment (vapor pressure 231 mm of mercury at 25OC) 

and is subject to biodegradation under both aerobic and anaerobic conditions. Tetrachloroethene 

also evaporates fairly rapidly due to its high vapor pressure (18.49 mm of mercury at 2S°C) as 

does toluene (vapor pressure 28.4 mm of mercury at 25OC), which will biodegrade as well. K, 

values for toluene in sandy soils have been reported at 178, indicating high mobility and high 

potential for leaching to groundwater, away from potential receptors (Handbook of Environmental 

Fate and Exposure Data, Sage et al., 1990). Based on these factors, these VOCs are not expected 

to stress ecological receptors. 

Polynuclear aromatic hydrocarbons (PAHs) vary by molecular weight. With increasing molecular 

weight, aqueous solubility decreases and the logarithm of octanol-water partition coefficient (log 



Zone I RCRA Facility investigation Report 
Charleston Naval Complex 
Section 8 - Ecological Risk Assessment 
Revision: 0 

KW) increases, suggesting increased solubility in fats, a decrease in resistance to oxidation and 

reduction, and a decrease in vapor pressure (Eisler, 1987a). Accordingly, PAHs of different 

molecular weight vary substantially in their behavior and distribution in the environment and in 

their biological effects. In water, PAHs either evaporate, disperse into the water column, become 

incorporated into sediment or undergo degradative processes such a photooxidation, chemical 

oxidation, and biological transformation by bacteria and animals (Neff, 1979). 

Most environmental concern has focused on PAHs that range in molecular weight from 128.16 

(naphthalene) to 300.36 (coronene). Generally, lower molecular weight PAH compounds, 

containing two or three aromatic rings, exhibit significant acute toxicity but are not carcinogenic. 

High molecular weight PAH compounds, those with four to seven rings, are significantly less 

toxic, but are demonstrably carcinogenic, mutagenic, or teratogenic to aquatic species. PAHs 

show little tendency to biomagnify in food chains because most are rapidly metabolized 

(Eisler, 1987a). Very little information is available on food chain adverse effects from soil PAH 

contamination. 

Organochiorine pesticides have been used extensively in the United States since the 1940s. They 

appear to be ubiquitous in the environment, being found in surface water, sediment, and biological 

tissue. They are readily absorbed by warm-blooded species and degradatory products are 

frequently more toxic than the parent form. Food chain biomagnification is usually low, except 

in some m i n e  mammals. In soil invertebrates, organochlorine pesticides can accumulate to 

levels higher than those in the surrounding soil, and residues may in turn be ingested by birds and 

other animals feeding on earthworms (Beyer and Gish, 1980). Most environmental effects studies 

have been directed at mammals and birds. 

PCBs are distributed worldwide with measurable concentrations recorded in fishery and wildlife 

resources from numerous locations (Eisler, 1986). They are known to bioaccumulate and 

biomagnify within the food chain, and to elicit biological effects such as death, birth defects, 
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tumors, and a wasting syndrome. In terrestrial environments, PCBs are rapidly metabolized from 

the soil into the food chain (McKee, 1992). Subsoildwelling organisms may directly absorb PCBs 

and transfer them to lower-level vertebrate species through the food chain. 

Dioxins are present as trace compounds in some commercial herbicides and chlorophenols (Eisler, 

1986). The most toxic and most extensively studied dioxin is 2,3,7,8-TCDD. Laboratory studies 

with birds, mammals, aquatic organisms, and other species have demonstrated that exposure to 

2,3,7,8-TCDD can result in acute and delayed mortality as well as mutagenic and reproductive 

effects. In soil, microbial decomposition of TCDD is slow (Ramel, 1978) and uptake by 

vegetation is considered negligible (Blair, 1973). 

8.6.1 Infaunal Invertebrates 

Potential adverse ecological effects on soil invertebrates from identified ECPCs are predicted 

based on available literature effects information. Because soil screening levels are unavailable for 

infaunal effects levels, studies are used for comparative qualitative assessments only. 

8.6.2 Terrestrial Wildlife 

Potential adverse effects associated with the identified ECPCs on bird and mammal species are 

based on food uptake potential. Available reference toxicity values (RTVs) were determined for 

each measurement endpoint species selected for Subzones 1-1 and 1-2. Subzone 1-3 is a tidal salt 

marsh with no terrestrial habitat, and thus there is limited potential for foraging terrestrial wildlife 

(great blue herons, red-winged blackbirds) to be exposed to contaminants in Subzone 1-3 sediment. 

Since the terrestrial wildlife which may conceivably forage in the Subzone 1-3 marsh would likely 

forage in Subzone 1-2, the risk estimates from the DMA could reasonabIy apply to terrestrial 

species which occur in Subzone 1-3. 

The RTV relates the dose of oral exposure to a specific ECPC with an adverse effect. The lethal 

RTV has been determined to be one-fifth of the lowest reported LD,, (the dosage lethal to 50% 

8.37 
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of the test population) value for the most closely related test species (Appendix G). One-fifth of I 

an oral LD,, value is considered to be protective of lethal effects for 99.9% of individuals in a test 2 

population (USEPA, 1986b). It is assumed that this is an acceptable level of risk to individuals 3 

in terrestrial wildlife populations across Zone I. 4 

An RTV representing a threshold for non-lethal effects has also been compared with the calculated 5 

PDE. Sublethal effects are those that impair or prevent reproduction, growth, or survival and the 6 

sublethal RTV reflects the LOAEL established for the assessment endpoint chosen as the basis for 7 

establishing risk. 8 

8.6.3 Vegetation 9 

Toxicity to terrestrial plants from soil contaminants detected in the subzones will be qualitatively lo 

evaluated. Risk potentials will be discussed relative to literature studies and general information 11 

on phytotoxic mechanisms by selected ECPCs. 12 

8.6.4 Aquatic Wildlife 

Potential adverse ecological effects on aquatic species from identified ECPCs are predicted based 

on the most conservative benchmark available (i.e,, chronic water quality criteria, sediment 

screening value, or effects information from literature). Effects will be predicted using a 

preliminary screening approach, Maximum water and sediment concentrations for ECPCs will 

be divided by the available benchmark to produce an HQ. Calculated HQs for ECPCs from each 

media will be summed to determine an HI. HQs with a result higher than one are considered to 

demonstrate a potential risk. Values higher than 10 are considered to be of moderately high 

potential risk and above 100, extreme risk. 
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8.7 Risk Characterization 

8.7.1 Infaunal Invertebrates 

Most toxicological information reviewed for the infaunal invertebrates dealt with earthworms and 

other infaunal species. It is important to note that soil in Zone I is predominantly sand and may 

not support these specific organisms. Although infaunal species found in the sandy environment 

may not be the same as those dealt with in the literature, the ecoIogical niche they occupy should 

be similar, and comparison with toxicological concentrations should be applicable. 

Although some of the semivolatiles found in soil are considered carcinogenic to mammals, very 

few field studies exist on their toxicity to terrestrial infauna. Generally, PAHs break down in 

natural systems via photodegradation and microbial transformation. Neuhauser et al. (1986) found 

that specific phenol compounds (4-nitrophenol, 2,4;6-trichlorophenol, phenol) were somewhat 

toxic to earthworms, with PANS being relatively less toxic than other semivolatile compounds 

studied. Artificial soil tests produced lethal concentration (LC,,) values for fluorene and phenol 

near 200 mglkg and 400 mglkg, respectively (Table 8.9). Callahan et al. (1994) found similar 

results in their study on the toxicity of 62 chemicals to several earthworm species. Fluorene is 

considered acutely toxic at certain concentrations but is not considered a carcinogen. It is 

important to note that field variability and soil chemical matrices can greatly influence 

toxicological effects of PAH compounds. 

Most toxicological studies on terrestrial infaunal organisms have been directed at measuring 

pesticide effects. Earthworm toxicology and response information is the most prevalent. In a 

study by Beyer and Gish (1980), persistence of DDT, dieldrin, and heptachlor was observed in 

earthworms from field study plots. Investigators agree that earthworms can accumulate pesticides 

to concentrations found in residential soil. Callahan et al. (1991) showed very good soil-to-tissue 

correlation @ = 0.725), with accumulation of DDT in single earthworms up to 22 mglkg. Beyer 

and Gish (1980) found that earthworms accumulated DDT (DDTR) to 32 mglkg. Barker (1958) 

associated poisoning (lethality) of robins with 60 mglkg DDTR in earthworms, and Collett and 
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Harrison (1968) found that blackbirds and thrushes were affected at residues near 20 mglkg. At 

concentrations observed in their study, Caliahan et al. (1991) suggested that robins feeding at a 

rate of 10 to 12 earthworms in as many minutes (as observed by McDonald, 1983) could ingest 

enough contamination to pose a significant risk. This study also found that chlordane, as other 

pesticides, was taken up rapidly by earthworms. Total DDT concentrations greater than 

1,000 mglkg in soil, along with documented long half-life information (5.7 years for DDT), 

indicated a long-term significant risk to receptors (Callahan et al., 1991). 

Risk factors associated with PCBs are similar to those for pesticides. Acute mortality, food chain 

biomagnification, and transfer are the most important issues to be considered when assessing 

long-term risk. Paine et al. (1993) suggested a benchmark value between 100 and 300 mglkg PCB 

for mortality in terrestrial insects. Also, Rhett et a1..(1988) observed LC,, values of 240 mglkg 

for earthworms treated with PCBs. McKee (1992) reported that soil invertebrate community 

structure was not reduced by exposure to PCB-contaminated soil (maximum concentrations to 

120,000 mglkg wet weight), based on family level classification of invertebrates. 

Reinecke and Nash (1984) studied the toxic effects of dioxin (2,3,7,8-TCDD) in soil on 

earthworms. For two species, Allolobophora caliginosa and Lumbricus rubellus, concentrations 

of 5 mg/kg or less had no acute effect, but concentrations of 10 mglkg and above were lethal. 

Most studies on metals toxicity to terrestrial receptors have been directed at infaunal ecosystems 

or avian biology. Information on relative metals toxicity to earthworms was provided by Roberts 

and Dorough (1984) where, along with 90 other chemicals, three metal salts (cadmium chloride, 

copper sulfate, and lead nitrate) were tested. The results showed that these heavy metal salts fell 

into the "very toxic" category, with LC,, values in the 10 to 100 micrograms per square centimeter 

(rg/cm2) range. Although these concentrations (more specifically, application doses) may be 

relative to earthworms, it is improper to apply them to upper-level trophic species. Studies 
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indicate that some degradation products become increasingly more toxic to earthworms and less 

toxic to upper-level vertebrates. Other studies on toxicities of metal salts to earthworms have been 

conducted by Neuhauser et al. (1986) and Malecki et al. (1982). In the former study, metal nitrate 

compounds were relatively toxic to earthworms in this order: copper > zinc > nickel > 

cadmium > Iead. Mean LC,, values were 643,662,757, 1,843 and 6,000 mgfkg, respectively. 

In the latter study, six chemical forms of each metal were chosen to cover a broad range of 

solubility and to represent the forms likely to be found in soil. Overall, cadmium was most toxic, 

followed by nickel, copper, zinc, and lead. It appears obvious from the results of these two 

studies that the form of the metal in soil is a major consideration in judging effects of their 

concentrations on soil biota. 

Ma (1984) investigated sublethal effects of copper in soil on growth, cocoon production and litter 

breakdown activity for Lurnbricus rubellus. Cocoon and litter breakdown activity were 

significantly reduced at 131 mglkg copper and mortality was first observed at concentrations near 

300 mglkg. 

Parmelee et al. (1993) found that total nematode/microarthropod (mostly mites) numbers declined 

in soil with copper concentrations above 200 mg/kg; omnivore-predator nematodes and specific 

microarthropod groups were significantly reduced at 100 mg/kg copper. 

Subzone I-1 

Within Subzone I-1, no risk is predicted to infaunal communities from observed chemical 

concentrations. Individual compounds (see Tables 8.2a and 8.2b) are not at effects levels observed 

in studies for soil biota. Risks related to biotransfer of contaminants through infaunal species to 

terrestrial vertebrate species will be addressed in subsequent sections. 
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Subzone 1-2 

Levels of some inorganic constituents found in Subzone 1-2 are at concentrations that pose a 

potential risk to infaunal species. Maximum copper and zinc concentrations of 483 rngikg and 

876 mglkg, respectively, are above effects levels reported in the literature causing reduced 

populations (Nielson, 1951 and Miller, 1985) and decreased cocoon production (Ma, 1984) in 

earthworms. Also soil concentrations for copper could conceivably present a potential risk to soil 

microarthropod populations (Parmelee et al., 1993). 

There should be no acute effects on infauna from organics in soils at Subzone 1-2. The observed 

maximum concentrations are several orders of magnitude below acute effects levels for soil 

infauna. 

PAHs are not at individual compound concentrations that would indicate toxicity to infauna. 

Considering the maximum levels detected, the potential for additive effects from total semivolatile 

compounds is low. Based on literature studies, PCB and dioxin concentrations should present no 

toxic effects. 

Subzone I-3 

Although the presence of infaunal organisms is unlikely at this subzone due to its hydrology, no 

soil inorganic concentrations were at levels posing a risk to any infaunal species. 

SVOC and pesticide occurrences at Subzone 1-3 are limited. Concentrations detected, when 

compared with effects information, do not indicate a risk to any infaunal organisms. 

8.7.2 Terrestrial Wildlife 

Risks to the representative wildlife species from ingestion of surface soil and food are 

quantitatively evaluated using HQs, which are calculated for each ECPC by dividing the estimated 

dietary exposure concentration (PDE) by the toxicological benchmark (RTV). Hazard Indices (HI) 

8.45 
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are determined for each representative wildlife species by summing the HQs for all ECPCs. When I 

the estimated PDE is less than the RTV (HQ < I), exposure to contaminants is assumed to fall 2 

below the range associated with adverse effects on growth, reproduction, and survival, and no 3 

risks to wildlife are assumed. When the HQ or HI is greater than one, the ecological significance 4 

is discussed and risk is assumed. When only the HIS are greater than one, the HQs composing the 5 

HI were evaluated. 6 

For representative terrestrial wildlife species, PDEs were calculated using available 

bioaccumulation data (Table 8.10) for ECPCs presented in TabIes 8.2a, 8.2b, 8.3a, and 8.3b. 

Exposure parameters and assumptions for representative species at Subzones 1-1 and 1-2 

(Tables 8.11, 8.12) were used to calculate food contaminant concentrations. PDEs were not 

calculated for Subzone 1-3 since it lacks terrestrial habitat, yet the terrestrial species which occur 

within the marsh at Subzone 1-3 are also likely to be present at Subzone 1-1. Using the model for 

prediction of contaminant exposure presented in Table 8 -8, PDE values were obtained. HQs were 

determined for both lethal and sublethal ECPC effects at Subzones 1-1 and 1-2 and the results are 

presented in Tables 8.13 and 8.14, with HI values determined for each representative species. 

If the sublethal HI was below 1, indicating no risk, then a lethal HI was not calculated 

Subzone 1-1 17 

Ail sublethal HI values were less than one for each of the representative wildlife species selected 18 

for soil contamination in Subzone I-l(Tab1e 8.13). There is no potential for adverse effects on 19 

wildlife from exposure to ECPCs in surface soil. 20 

Subzone 1-2 21 

The sublethal HI values calculated for the robin (HI = 1.82) and the shrew (HI = 5.22) indicated 22 

potential effects from soil contamination in Subzone 1-2 (Table 8.14a). With an HQ of 1,63, 23 

copper was the robin's major risk contributor and arsenic (HQ = 5.07) contributed most to the 24 
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shrew's sublethal risk. When the less conservative lethal HIS for Subzone 1-2 were calculated, no 

risk was predicted for these species (Table 8.14b). Based on the HQ and HI values produced, 

potential sublethal effects on lower-level vertebrates exists from exposure to ECPCs in surface 

soil. A maximum arsenic concentration (28.7 rng/kg) was responsible for an HQ value of 5.07, 

which was the most significant contributor to an overall HI value of 5.21 for sublethal effects on 

the short-tailed shrew. 

The risk potential produced by the model contradicts some literature information on arsenic 

transfer to small mammals. Pascoe et al. (1994) found that the fraction of arsenic in soil that is 

bioavailable to small mammals was limited. Results of the model, however, agree with other 

studies which show that transfer of metal to small mammals via plant uptake from soil is feasible 

(Leita et al., 1991). Measurement of tissue concentrations or in situ bioaccumulation studies are 

needed to assess the actual potential for impacts to small mammals at Subzone 1-2. 

8.7.3 Vegetation 

Limited information exists on toxic effects of soil contamination on plants in natural 

environments. Most literature containing effects information deals with herbicide or fungicide 

application programs. Beyer et al. (1985b) demonstrated that only a small portion of all metals 

measured in soil became incorporated in plant foliage. In their study, the origin for plant metal 

residues was suggested to have come primarily from aerial deposition. Table 8.15 presents 

phytotoxic effects levels for arsenic, lead, and zinc for several species. Effects levels vary 

depending on specific soil physicochemicaf conditions such as pH, organic content, and cation 

exchange capacity (CEC). Risk to Zone I vegetation from soil contaminants was determined by 

a comparison of chemical concentrations with effects data. 
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Table 8.15 

Phytotoxic Responses to ECPCs in S o h  at Subzones I-l,1-2,I-3 

Study Orgauh Measured Parameter Effects Level Measured Response 

EPA (1987) Red Maple (Acor rrrbrum) Zinc mgfkg Lethal ta seedlings 

Sadiq (1985) Corn plant Lead mglkg No elevated 

Miller et al. (1985) Radish (seed germination) Copper 47 mglkg mm 
Zinc- 53 mg/kg ECw 

Cucumber (seed germination) Copper 55 mglkg E C W  

Notes: 

EC, = Concentration that produced adverse effects to 50% of the test population 

NRCC = National Resource Council of Canada 

Arsenic availability to plants is typically highest in coarse-textured soil with little CEC, and 

lowest in clay with organic material, and containing iron, calcium, and phosphate (NRCC, 1978). 

Cadmium appears to be taken up by plants in soil with abnormally high cadmium residues. For 

chromium, the Towill et al. (1978) study showed no phytotoxic effects on plants for elevated 

chromium concentrations. 

Like other metals, the bioavailability of lead in soil to plants is enhanced by reduced soil pH, 

reduced organic matter, and reduced iron oxides and phosphorus content (NRCC, 1973). Studies 

have shown that there is no convincing evidence that terrestrial vegetation is important in food 

chain biomagnification of lead (Eisler, 1988b). Chang et al. (1983) observed that zinc uptake was 
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lower in coarse loamy soils than in fine loamy soils. The phytotoxic nature of copper to crop 

production has been studied relative to application rates (Hirst et al., 1961). Little information 

exists on mercury effects on higher plants (Eisler, 1987b). 

Studies by USEPA (1980), Lee and Grant (1981), Wang and Meresz (1982), and Edwards (1983) 

generally conclude five points for PAHs' effect on plants. First, plants can absorb PAHs from 

soil through roots to other parts. Second, lower molecular weight compounds are absorbed more 

readily than higher molecular weight compounds. Third, aboveground parts have higher residue 

levels which are most likely attributable to airborne deposition. Fourth, PAH-induced phytotoxic 

effects are rare. Fifth, higher plants can catabolize benzo(a)pyrene and possibly other PAH 

compounds. These studies also concluded that plant uptake of PAHs is probably not a significant 

pathway to terrestrial vertebrate species. 

For PCBs, Klekowski (1982) suggested that there was no evidence of genetic damage to terrestrial 

plants at a PCB-contaminated site in Massachusetts, For dioxins, Isensee and Jones (1971) 

indicated that isomer uptake by terrestrial plants was less readily compared with aquatic plants, 

and studies by Blair (1973) and Ramel (1978) considered vegetation's uptake of 2,3,7,8-TCDD 

from soil to be negligible. 

Subzone 1-1 

Although the zinc concentration in soil (77.5 mg/kg) was slightly above effects levels reported by 

Miller et al. (1985), which showed negative effects on seed germination for radish and cucumbers, 

it was below the background upper tolerance limit. If there is a potential for phytotoxic effects, 

it appears to be widespread across CNC. Phytotoxic effect levels for organics were not available. 
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Subzone 1-2 

Based on detected maximum concentrations of copper (483 mgtkg), lead (949 mgtkg), zinc 

(876 mg/kg), and possibly manganese (815 mgtkg), and considering the nature of the soil, there 

is a potential risk to woody seedlings and young herbaceous species at Subzone 1-2, Lacking 

plant benchmarks, the effects from organic concentrations could not be assessed. 

Subzone 1-3 

This subzone is primarily marshland and lacks significant terrestrial habitats. The riparian 

margins will be assessed in Subzone 1-2. 

8.7.4 Aquatic Wildlife 

Subzone 1-1 

Contaminants in surface water and sediment were measured to assess potential risks to aquatic 

species in the DMA (Subzone 1-1). Only five analytes with published surface water quality effects 

levels exceeded those levels (Table 8.4). Aluminum appeared to be the most critical contaminant 

(HQ = 14), with lead, nickel, zinc, and gamma-BHC each having HQs above 1 but less than 10. 

Overall, based on the concentrations observed, only a moderate risk to aquatic receptors exists. 

A low potential risk to aquatic receptors from Subzone 1-1 sediment exists based on exceedances 

of USEPA Region IV Sediment Screening Values (see Table 8.5). HQ values greater than1 but 

less than 3 for copper, arsenic, chromium, nickel, lead, zinc, and pyrene. As SSVs are derived 

from statistical interpretation of effects databases obtained from literature, actual risks to receptors 

in the Subzone 1-1 water body may be lower than that implied by use of the SSVs in the screening 

assessment. Overall risk to aquatic receptors from sediment concentrations appears low. This 

information will be used and referenced during the subsequent Zone J RFI. 
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Subzone 1-2 

In Subzone 1-2, the ditches associated with AOCs 687 and 688 were assessed by measuring 

sediment contaminant concentrations. No definitive connection was discovered between the ditch 

and proximal water bodies, but the assessment assumed that if concentrations were found they 

could impact aquatic life in those water bodies. 

Several inorganics (zinc, copper, lead, arsenic, and nickel) had HQ sediment values greater than 

1 but less than 5 (see Table 8.6). Several PAH compounds had HQs above 1, and two pesticides 

had an HQ above 10. A chlordane concentration of 5,300 pglkg at one Iocation produced an 

extremely high HQ value of 3,117. It is impossible to determine if this concentration was 

accurate or an anomaly, but future studies related to the Zone J RFI may solve this question. 

Overall, the potential risk to local aquatic receptors from sediment concentrations in the ditch is 

low. 

Subzone 1-3 

Assessment of potential risks to aquatic wildlife from marsh sediments at Subzone 1-3 found HQ 

values for several constituents above 1 (arsenic, chromium, copper, nickel, and 4,4' DDD; see 

Table 8.7), but only one organic compound (4,4'- DDE) had an HQ value above 10. The effects 

level was exceeded at only one of the two stations sampled. Overall, risks to aquatic receptors in 

Subzone 1-3 appear to be low. The findings of this screening assessment for Subzone 1-3 will be 

incorporated into the Zone J RFI. 

8.8 Uncertainty 

Some general uncertainties are associated with the Zone I ERA: 

Degradation of chemicals has not been considered in the ECPC selection process. 

Specific effects on area biota are unknown. 
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Acute and chronic effects data were unavailable for some ECPCs. I 

Synergistic or antagonistic effects cannot be quantified. 2 

For some ECPCs, only assumptions relative to similar compounds or classes of elements can 3 

be made. 4 

Use of related species for risk determination may over or underestimate risk to selected 5 

representative wild1 ife species. 6 

Dermal or inhalation exposure pathways were not evaluated. 7 

Maximum exposure scenarios and concentrations may tend to overestimate risk potentials. a 

On occasion, BAFs were assumed due to lack of information. 9 

Actual occurrence of selected wildlife species within the contaminated area is uncertain. lo 

Food ingestion rates in food chain analyses may be a source of uncertainty in determining 11 

exposure. 12 

Sediment screening values are obtained from laboratory studies and may not reflect 13 

field-based exposure scenarios. 14 

8.9 Risk Summary 15 

Risk for ecological receptors was evaluated for ECPCs in surface soil, surface water, and sediment 16 

at Zone I. Risk associated with exposure to ECPCs in surface soil was evaluated for terrestrial 17 

wildlife based on model predictions of the amount of contaminant exposure via diet and incidental 18 

soil ingestion. The risk evaluation is based on a comparison of predicted doses for representative 19 

wildlife species with doses representing thresholds for both lethal and sublethal effects (RTVs). 20 

Risk for soil invertebrates and plants was evaluated based on qualitative comparisons with 21 

literature effects levels for taxonomic groups similar to those potentially occurring at Zone I. Risks 22 

for aquatic organisms were evaluated by calculating HQs from benchmark values that are either 23 

promulgated or proposed by federal and state regulatory agencies. 24 
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Infaunal Invertebrates - Within each Zone I subzone, risk to infaunal communities from organic 1 

ECPCs appears to be low or absent. For inorganic ECPCs in Subzone 1-2 soils (copper and zinc), 2 

however, a relatively high risk to infaunal organisms is predicted. 3 

Terrestrial Wildlife - No risk potential exists for terrestrial wildlife species exposed to soil ECPCs 4 

in Subzone I- 1. The model predicts potential sublethal effects on passerine birds (American robin) 5 

and small mammals (short-tailed shrew) exposed to soil metal concentrations in Subzone 1-2. 6 

Vegetation - No risk from soil ECPCs is predicted for vegetation found in either Subzones 1-1 or 7 

1-3. Copper, lead, and zinc concentrations detected in Subzone 1-2 soils may pose a risk to early 8 

seedlings. 9 

Aquatic WiIdlife - No risks are predicted to aquatic wildlife from ECPCs in surface water in lo 

Subzone 1-1 @MA). Potential low-level risks to aquatic wildlife exist from sediment ECPCs in 11 

the DMA. Some HQ values were above 1 for both inorganic and organic ECPCs. 12 

There is also a low potential risk from sediment ECPCs in tbe Subzone 1-2 ditches, with several 13 

inorganic HQs above 1 but all less than 5. An elevated chlordane concentration in one sediment 14 

sample may warrant additional study of the ditches during the Zone J RFI. 15 

Risk to aquatic receptors from sediment ECPCs in Subzone 1-3 appears to be low. Only one 16 

organic (4,4'-DDE) had an HQ slightly above 10. All but four inorganic compounds had HQ 17 

values less than 1. 18 
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9.0 CORRECTIVE MEASURES 

According to Permit Condition 1V.E. Corrective Action Plan, SCDHEC will review the final RFI 

report and notify CNC of the need for further investigations, corrective actions, a corrective action 

study, or plans to meet the requirements of R.61-79.264.101, Corrective Action for SWMUs. 

This section has been prepared based on SCDHEC's comment that "the RFI report should discuss 

whether the extent of contamination has been defined, and proposed recommended actions for the 

SWMUs and AOCs, such as collection of additional samples, proceed into a Corrective Measures 

Study (CMS), or No Further Investigation, whichever is appropriate." The CNC project team 

established action levels (Als) for assessing whether to conduct a CMS at 1E-06 residential risk 

and/or groundwater exceeding MCLs. The following discussions address the overall approach to 

looking at Corrective Measures (CMs), potential remedies, and steps to be conducted during a 

CMS. Site-specific conclusions regarding which sites will require CMS are discussed in Section 

10, Site-Specific Evaluations. 

9.1 Introduction 

Any CMS at CNC will be conducted according to standard methods presented in the USEPA 

guidance document, RCRA Corrective Action Plan (USEPA, 1994b), and project team consensus. 

The standard methodology has been presented in the Comprehensive CMS Work and Project 

Management Plans, and will also be detailed in each zone-specific CMS Work Plan. The plans 

will facilitate collecting necessary data, evaluating potential alternatives, and developing a final 

remedial alternative by establishing set procedures for evaluation and assessment. 

To establish this procedure, zone-specific CMS Work Plans will outline the basic elements of the 

CMS Report. The subsequent CMS Report that is generated as part of the CMS process is briefly 

described below: 
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CMS Report Outline 

A. Introduction/Purpose 

B. Description of Current Conditions 

C. Corrective Action Objectives 

D. Identification, Screening, and Development of Corrective Measure Alternatives 

E. Evaluation of a Final Corrective Measure Alternative 

F. Recommendation by a PermitteelRespondent for a Final Corrective Measure Alternative 

G. Public Involvement Plan 

H. Treatability Study Results 

Each required element will be discussed in detail in the comprehensive and/or zone-specific CMS 

Work Plans in order to: 

Identify minimum requirements for CMS reports in each area. 

• Define the base pool of technologies that will be evaluated for each medium. 

Describe the remedial technology identification and screening processes. 

Describe the remedial alternative evaluation process. 

Issues to be discussed under each element of the CMS report are identified below: 

An activity-specific description of the overall purpose of the CMS for CNC. 

S W U s  and AOCs at CNC will be discussed in the CMS Work Plan on a zone-wide basis. 

Activities, contaminants, and issues specflc to each zone will be discussed. The CMS 

Work Plan will identifi: speciJc sites to be addressed in the CMS, any focused approach 

(such as naming a primary technology in lieu of the fill screening), subsequent remedial 

goals, and CMS data needs. 
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A description of the corrective action objectives for CNC, including how target media 

cleanup standards, points of compliance, or risk assessments will be established and 

performed for each site, zone, and activity. 

Cleanup standards will be developed for each site, zone, or activity using multiple exposure 

scenarios (residential, commercial, or industrial) for that area. BRAS, conducted in 

conjunction with the RFZ for each zone, will be used to identifjr areas with unacceptable 

risk/hazard as per the multiple exposure scenarios. During the CMS, areas with 

unacceptable risk and/or hazard will be evaluated according to media, primary 

contaminants contributing to risk, and the potential for groundwater contaminahon. 

Primary cleanup standards for groundwater will be MCLs, or RBCs for those constituents 

where MCLs do not apply. 

Identification, screening, and development of corrective measures alternatives. 

Tables similar to those in the CNC RFI Work Plans will be used in the CMS Report to 

present the pool of technologies initially evaluated in the CMS. These tables represent a 

range of technologies with different applications; each technology must be screened and 

evaluated before it is discardedfrom further consideration. The tables, therefore, preclude 

any bias toward a particular technology through full-scale screening techniques. 

Technologies will be screened using site- and waste-specljic characteristics. The CMS 

Report will identifi factors to be considered, including type of media, depth and areal 

extent of contamination, number and type of contaminants, remedial goals, fufure land use 

scenarios, and adjacent remedial activities. 
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Once technologies have been screened, they will be assembled into corrective action 

alternatives which will be evaluated according to criteria discussed below. 

A description of the general approach to investigating and evaluating potential corrective 

action measures, 

Corrective measures alternatives will be evaluated according to four primary and five 

secondary criteria: 

Primary 

I .  Protection of human health and the environment. 

2. Attainment of media cleanup standards set by the implementing agency. 

3. Control the source of releases so as to reduce or eliminate, to the extent 

practicable, further releases that may pose a threat to human health or the 

environment. 

4. Compliance with any applicable standards for management of wastes. 

Secondmy 

1. Long-term reliability and efectiveness 

2. Reduction in the toxicity, mobility, or volume of waste 

3. Short-term efectiveness 

4. Implementability 

5. Cost 
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Potential remedial alternatives will be described and evaluated according to these criteria, 

which are used to gauge their relative effectiveness and implementability. 

A detailed description of how laboratory-, bench-, and/or pilot-scale studies will be 

selected, performed, evaluated, reported, and transferred to full-scale operation. 

Treatability studies will be implemented for sites that require complex technical remedial 

solutions. For example, air stripping technologies usually do not require treatability 

studies to determine optimal operation processes for treating groundwater. However, 

ultraviolet (W)/oxidution, an innovative technology, may require extensive treatability 

testing to determine oxidant dosages and retention times. 

The base structure and objectives ofa treatability study will be discussed. Objectives may 

include: dosages, percent reduction in contaminunt(s), treatment cost per unit volume, and 

implementation constraints. Study results will be used to assess the alternatives presented 

in the CMS and determine the optimal remedial approach for each site, zone, or activity. 

A description of how statement of basis/response to comments or permit modifications will 

be processed. 

Statement of basis/response to comments will be handled through SCDHEC and 

SOUTHDIV. The CLEAN contractor, EnSafe, will assist the SCDHEC and the Navy in 

preparing statement of basis/response to comments. Permit mdifications will be managed 

through the Caretaker Site Ujice (CSO) as the pennit holder. SOI/THDIV will m i s t  the 

CSO manage the permit mod@cation process. According to the RCRA permit issued 

May 4, 1990, Appendix C, Facility Submission Summary, apermit md~jication is required 

to prepare and conduct a Corrective Action StudylPlan. 
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A description of the overall project management approach, including levels of authority 

(i.e., organizational charts), lines of communication, project schedules, budgets, and 

personnel. 

Overall project management is the responsibiliry of SOUTHDIV for the CSO. Lines of 

authority, communication, and project schedules have been developed and agreed upon 

and are provided in the Comprehensive Project Management Plan dated August 30, 1994, 

and amendments. In general, SOUTHDIV is responsible for ensuring rhat conditions of 

the permit are satisfled with the ultimate responsibility held by the CSO. R e  budget for 

conducting a CMS is defined by SOUTHDIV with funds provided by the U. S. Congress. 

EnSafe will assign qualified personnel on an as-needed basis for project-specij7c CMS 

item. EnSafe will manage the CMS effort th~ough its Charleston, South Carolina ofice. 

A description of the qualifications of personnel directing or performing the work. 

EnSafe will use qualified registered South Carolina engineers and geologists where 

required. 

9.2 Remedy Selection Approach 

As agreed in the Final Comprehensive Project Management Plan, remedies will be selected in 

accordance with statutory and RCRA CMS criteria. Particular attention will be given to the 

following items when evaluating alternatives: 

• Background concentrations, particularly of inorganic compounds 

Land use/risk assessment 

Basewide groundwater impacts 

Presumptive remedies 
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9.3 Proposed Remedy 

Before selecting and implementing a corrective measure for releases, environmental and 

cost-effectiveness goals must be established. Typically, the environmental goal is to reduce 

exposure via direct contact with air, groundwater, and surface water pathways to an acceptable 

level. The cost-effectiveness goal usually entails using the least costly alternative that is both 

technically feasible and reliable to achieve the environmental goals. 

9.4 Development of Target Media Cleanup Goals 

Cleanup goals will be developed for each site at CNC where risk or hazard exceeds acceptable 

levels, or MCLs are exceeded as specified in the Part B permit. The RCRA Corrective Action Plan 

(USEPA, 199423) outlines issues to be considered in developing cleanup goals for groundwater, 

soil, surface water, sediment, and air. These recommendations are outlined below. Sites 

requiring further evaluation will undergo a CMS. During the CMS, alternatives will be developed 

for future residential andlor future worker scenarios. Two sets of alternatives may be presented 

for each site; they may differ due to the media cleanup standards required under residential versus 

site worker scenarios. 

9.4.1 Groundwater Cleanup GoaIs 

The CMS will provide information to support development of groundwater cleanup goals for all 

Appendix IX constituents found in groundwater during the facility investigation. The following 

information may be required: 

MCLs for any constituents for which an MCL has been promulgated under the Safe 

Drinking Water Act. 

Background concentration of the constituent in groundwater 
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An alternate standard (e.g., an alternative concentration limit for a regulated unit) to be 1 

approved by the implementing agency. 2 

Additional factors to be considered while developing cleanup goals include classification and 

primary use of the contaminated groundwater unit, proposed future uses for groundwater, 

proximity to surface water, etc. 

9.4.2 Soil Cleanup Goals 

The CMS will provide information to support the development of soil cleanup goals. The 

following information may be required: 

The volume, physical, and chemical characteristics of the wastes in the unit. 

The effectiveness and reliability of containing, confining, and collecting systems and 

structures in preventing contaminant migration. 

The hydrologic characteristics of the unit and the surrounding area, including surrounding 

topography. 

Regional precipitation patterns. 

The existing quality of surface soil, including other sources of contamination and their 

cumulative impact on surface soil. 

The potential for contaminant migration and impact to underlying groundwater. 

Land use patterns in the region. 
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• The potential for health risks caused by human exposure to waste constituents. 

The potential for damage to wildlife, food chains, vegetation, and physical structures 

caused by exposure to waste constituents. 

Additional information which may be considered includes background soil concentrations and 

regulatory guidance. 

9.4.3 Surface Water and Sediment Cleanup Goals 

The CMS will provide information to support the development of surface water and sediment 

cleanup goals. The following information may be required: 

The volume and physical and chemical characteristics of wastes in the unit. 

The effectiveness and reliability of containing, confining, and collecting systems and 

structures in preventing contaminant migration. 

The hydrologic characteristics of the unit and the surrounding area, including surrounding 

topography. 

• Regional precipitation patterns. 

• The quantity, quality, and direction of groundwater flow. 

Proximity of the unit to surface water. 
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Current and potential uses of nearby surface water and any established water quality 

standards. 

The existing quality of surface water, including other sources of contamination and their 

cumulative impacts. 

The potential for damage to wildlife, food chains, vegetation, and physical structures 

caused by exposure to waste constituents. 

Land use patterns in the region. 

The potential for health risks caused by human exposure to waste constituents. 

Additional data which may be considered include the presence of endangered, threatened, or 

ecologically sensitive species, National Oceanic and Atmospheric Association sediment values, 

etc. 

9 -4.4 Air Cleanup Goals 

The CMS will provide information to support the development of air cleanup goals. The 

following information may be required: 

The volume and physical and chemical characteristics of waste in the unit, including the 

potential for emission and dispersal of gases, aerosols, and particulates. 

The effectiveness and reliability of systems and structures to reduce or prevent emissions 

of hazardous constituents to the air. 
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• The operating characteristics of the unit. 

The atmospheric, meteorological, and topographic characteristics of the unit and the 

surrounding areas, 

• The existing air quality including other sources of contamination and their cumulative 

impact on that medium. 

• The potential for health risks caused by human exposure to waste constituents. 

• The potential for damage to wildlife, vegetation, and physical structures caused by 

exposure to waste constituents. 

Other factors which may be considered include National Ambient Air Quality Standards, state and 

local air quality regulations, etc. 

9.5 Identification, Screening, and Development of Corrective Measures Technologies 

The initial step in assembling corrective measures alternatives is to identify, screen, and develop 

corrective measure technologies which apply to the site. Technologies are typically screened using 

waste- and site-specific characteristics. This section addresses the range of technologies that may 

be assessed for each site, the screening process, and screening criteria. 

9.5.1 Identification of Corrective Measures Technologies 

Each site will be assessed using the cleanup standard methodology described in Section 9.2. An 

initial list of impacted media and contaminants of concern has been compiled in the RFI, The site- 

specific HHRAs in Section 10, and the ecological risk assessments in Section 8 will identify soil, 



Zone I RCRA Facility Investigation Repon 
Charlesron Naval Complex 
Section 9 - Corrective Measures 
Revision: 0 

groundwater and sediment as the contaminated media. Major contaminants at each site have been 

grouped into one or more of the following categories: 

Chlorinated volatiles 

Nonchlorinated volatiles 

Chlorinated semivolatiles 

Nonchlorinated semivolatiles 

Pesticideslherbicides 

PCBs 

Dioxins 

Inorganic compounds (includes metals) 

Potential remedial technologies are described in Section 9.5.2. Table 9.1 lists non-treatment 

options for soil, groundwater/leachate, sediment, surface water, and air. These options include 

removal, containment, and disposal. Table 9.2 lists treatment options for each type of compound 

and medium. These tables supply general waste management options for various situations. 

It should be noted that some sites may contain a combination of contaminants (e. g . , inorganics, 

pesticides, and PCBs), and multiple technology types may be required to remove them. However, 

some sites will only contain one type of contaminant. 

The following example presents a common situation where more than one type of contaminant 

exists at a site. The site contains volatile and semivolatile compounds which have been identified 

as slightly exceeding risk-based remedial goals. A containment alternative in this situation may 

include fencing to restrict unauthorized access, aerating the contaminated area, adding fertilizer 

to enrich the soil, seeding to maintain a vegetative cover to control runoff, and monitoring. This 

containment approach seeks to minimize health risks through land management and natural 

attenuation. 
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As discussed in previous sections, because each site may be evaluated under both residential and 1 

site worker scenarios, COCs may vary between scenarios. Two lists of applicable technologies 2 

may be developed for each site, one for each scenario. 3 

9.5.2 Description of Pre-screened Technologies 

The following paragraphs describe technologies that appear to be the most feasible for the initial 

CMS. These technologies are divided into four categories: in-situ soil, ex-situ soil, in-situ 

groundwater, and ex-situ groundwater. 

In-Situ Soil Treatment 

Bioremediation 

This technology uses microorganisms to biologically oxidize contaminants into harmless chemicals 

such as carbon dioxide and water. The organisms can be naturally occurring or they can be added 

to the soil. In many circumstances, nutrients can be supplemented to enhance this process. 

Nitrate and phosphate are often the limited nutrients at a site. However, an insufficient number 

of electron acceptors is the greatest variable limiting bioremediation. The most common electron 

acceptor is oxygen for aerobic biodegradation. For these sites, it is likely that bioremediation via 

natural attenuation is a good candidate for some of the compounds. Nonchlorinated VOCs and 

SVOCs are typically good candidates for this technology. 

Solidification/Stabilization 18 

This technology consists of mixing reagents with soil to prevent contaminants from leaching to the 19 

groundwater below. This technology immobilizes contaminants, preventing migration, but does 20 

not remove the contaminants. 21 

22 
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Ex-Silu Soil Treatment 

All ex-situ soil treatments require excavation to another location, or at least bringing the material 

to the surface. Heavy equipment is typically used to move the soil. If contaminated soil is limited 

in volume and considered nonhazardous, it may be feasible to dispose of it in a landfill. If sites 

have a limited area of contaminated soil, it may be feasible to remove the soil with heavy 

equipment and treat it ex-situ, or if nonhazardous, it could be disposed in the SWMU 9 landfill. 

Soil Washing 

Soil washing physically separates soil particles by size, then treats the smaller grains with solutions 

that desorb the contaminants. The resuIting contaminated solution is then treated by another 

technology. In general, small soil particles such as clay and silt have a higher TOC content which 

tends to absorb hydrophobic compounds such as chlorinated contaminants. Essentially the 

technology compacts contaminated soil, then washes it with a solvent to remove the contaminants. 

Thermal Desorption 

Thermal desorption technologies are performed at high or low temperatures depending on the 

contaminant. Both of these technologies are used in combination with incineration or some other 

type of offgas treatment. Soil is excavated and put in the treatment systems for both high and low- 

temperature desorption to separate contaminants from the soil, not to destroy them. The 

volatilized contaminants enter an air stream and travel to some type of gas treatment for 

destruction. Low-temperature (200°F to 600°F) thermal desorption (LTTD) is only applicable 

for VOCs, while high-temperature (600°F to 1000 O F )  thermal desorption (HTTD) is applicable 

for SVOCs, PAHs, PCBs, and pesticides. 
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Thermal Destruction/Incineration 1 

This technology is used in conjunction with ex-situ soil technologies. The contaminant is typically 2 

removed from the soil matrix and transferred to an air stream which is treated with the thermal 3 

destruction on a catalyst or burned in an incinerator, or a combination of the two, High 4 

temperatures (1800°F to 2000°F) are required to destroy organics such as PCBs, dioxins, furans, 5 

and pesticides. 6 

Solidification/Stabilization 

This technology is similar to in-situ methods, except that the soil is first excavated before being 

mixed with the chemical reagents or concrete. 

In-Situ Groundwater Treatment 

Bioremediation 

Bioremediating contaminants in groundwater involves adding nutrients (phosphate, nitrate, etc.) 

and an electron acceptor (oxygen, nitrate, etc.) to the groundwater via injection wells. The most 

typical electron acceptor addition comes from either oxygen via air sparging, andlor nitrate with 

the addition of other nutrients. 

Intrinsic Remediation 

This technology, also called natural attenuation, simply allows naturally occurring bioremediation, 

oxidation, hydrolysis, dispersion, and advection to occur unassisted. No nutrients or electron 

acceptors are added to the site and the site may be monitored to observe contaminant reduction. 

Many case studies have successfully demonstrated this technology at sites impacted by TPH and 

chlorinated solvents. 
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Ex-Situ Groundwater Treatnsent 

Any ex-situ treatment of groundwater requires a system of extraction wells and pumps to deliver 

the groundwater to the treatment location. 

Chemical Precipitation 

Because the solubility of many metals is a function of pH, chemical agents can be added to water 

to change its pH and render the metals insoluble. In other cases, a chemical can be added to 

chefate the metal and precipitate it out of the solution. Either way, the contaminants can then be 

removed by filtering. 

Air Stripping 

Groundwater can be extracted from the subsurface and pumped to a nearby publicly owned 

treatment works (POTW). While the contaminated groundwater is in the aeration basin of the 

water treatment plant, the volatile compounds (compounds with a high Henry's Law Constant) will 

mass transfer from the water to the air. Steam can also be used to heat the groundwater, causing 

organics to volatilize. These air vapors can be treated with an appropriate technology or 

permitted as an air emission source. 

Chemical Oxidation/UV-Ozone 

Ozone, one of the strongest chemical oxidizers, can be generated with W light sources. Almost 

any organic compound can be oxidized. When water passes through a flowstream surrounded by 

W lights, oxygen in the water is converted to ozone and the organics are oxidized into harmless 

by-products. Compounds that typically are recalcitrant to biological oxidation, such as chlorinated 

organics, can easily be oxidized with ozone. Good light transmission is essential; which makes 

turbid water an inappropriate candidate for W ozonation. 
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Activated Sludge I 

Wastewater treatment plants use an activated sludge process to treat wastes. Microorganisms 2 

convert organic wastes to inorganic wastes andlor bacterial cell mass, carbon dioxide, and water. 3 

9.5.3 Screening Criteria 

When more than one technology applies to a specific site, it is necessary to evaluate their 

limitations to show why certain CMS technologies may prove infeasible to implement based on 

waste- and site-specific conditions. Therefore, for each technology, the following criteria will be 

discussed : 

Site characteristics 

Waste characteristics 

Technology limitations 

Site Characteristics 

Site characteristics define the site and any constraints that may impact selecting and implementing 

remedial technologies. Characteristics to be considered primarily include the current and future 

use of the site or SWMU. Other characteristics include the contaminated media, areal distribution 

of contamination, and depth tolof contamination. Current migration pathways and the potential 

for intrinsic remediation will also be considered. Each site may have one or two technology lists 

which will be evaluated for residential and BRAC-specified future uses. 

Waste Characteristics 

Waste characteristics define the nature of contamination. The primary waste characteristic to be 

considered is the general type of contamination - volatiles, semivolatiles, pesticides/herbicides, 
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PCBs, dioxins, and inorganic compounds. Also critical is the presence of halogenated compounds, I 

such as chlorinated benzenes or trichloroethylene. 2 

Where multiple types of contamination are present (such as PCBs and dioxins, or pesticides and 

volatiles), certain technologies may be eliminated from consideration due to their inability to 

effectively treat the wastes. For example, soil vapor extraction (SVE) typically is not used on 

pesticide sites, aIthough it is very effective for most volatile compounds. If both contaminants 

must be treated concurrently, SVE would be eliminated from further evaluation. Where 

appropriate, contaminant concentrations will be considered to screen remedial technologies. 

Technology Limitations 

Technology limitations are used to assess the implementation feasibility of a particular technology. 

These limitations may include technical restrictions on application, including the presence of a 

shallow water table, depth to bedrock, etc. Additional limitations include minimum or maximum 

process volumes, such as technologies that are cost-effective only when contaminated soil volume 

exceeds 1,000 cubic yards. Other possible limitations include effectiveness in meeting treatment 

goals and remedial time frame. Technologies meeting these screening criteria may differ from 

residential to BRAC-specified use scenarios due to the differences in RGOs. 

9.6 Identification of Corrective Measures Alternatives 

Once specific remedial technologies are identified for the site, they will be assembled into specific 

alternatives which may meet the corrective action objectives for all media. Each alternative may 

consist of an individual technology or a combination of sequential technologies (treatment train). 

Depending on site-specific situations, different alternatives may be considered for separate areas 

of the facility. 
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Less complex sites may be relatively straight forward and may only require evaluating one or two 

alternatives. Because the CNC CMS will evaluate both residential and BRAC-specified future 

uses, two sets of alternatives may be developed for each site. 

9.7 Evaluation of Corrective Measures Alternatives 

Each proposed alternative (including single alternatives) will be evaluated according to five 

standards reflecting the major technical components of remedies, including cleanup of releases, 

source control, and management of wastes generated by remedial activities. The specific standards 

are provided below, The first four factors are considered primary evaluation criteria, whereas the 

Iast five factors are considered secondary evaluation criteria. 

Protection of human health and the environment. 

Attainment of media cleanup standards set by the implementing agency. I I 

Control the source of releases so as to reduce or eliminate, to the extent practical, further 12 

releases that may threaten human health and/or the environment. 13 

Compliance with any applicable standards for managing wastes. 14 

Consider other factors. 15 

These standards are detailed in the following sections. 
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9.7.1 Protection of Human Health and the Environment 

Corrective action remedies must be protective of human health and the environment. The degree 

of protection afforded by each aIternative will be discussed in this section of the CMS Report. 

Remedies may include measures that are necessary for protectiveness, but are not directly related 

to media cleanup, source control, or waste management. For example, access controls and deed 

restrictions may prevent contact with contaminated media while intrinsic remediation or 

attenuation processes are monitored or augmented. This section of the report will discuss any 

short-term remedies that may be implemented to meet this standard. 

9.7.2 Attainment of Media Cleanup Standards Set by the Implementing Agency 

Each alternative wiIl be evaluated on its ability to achieve the remedial objective(s) set by the 

implementing agency and the time frame needed to attain these standards. Media cleanup standards 

which may be derived from current state, federal, or other regulations or standards, will often play 

a large part in determining the extent of and technical approaches to the remedy. In some cases, 

the practical capabilities of remedial technologies (or other technical aspects of the remedy) may 

also influence establishment of the cleanup standards. 

9.7.3 Control the Sources of Reteases 

As part of the CMS report, source control measures will be evaluated to determine if they are 

necessary to control or eIiminate further releases that may threaten human health or the 

environment. If a source control measure is proposed, it will include a discussion on how well 

the method is expected to work, given site conditions and the known reliability of the selected 

technology. 

Source control measures will be considered when it is necessary to stop further environmental 

degradation by controlling or eliminating further releases that may threaten human health or the 
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environment. In some cases, without source control measures, cleanup efforts may be ineffective I 

or will at best become a perpetual remedial effort. In such cases, an effective source control 2 

program may be essential to ensure the long-term effectiveness and protectiveness of the corrective 3 

action program. Source control measures may include all protective remedies to control the 4 

source. Such remedies may include partial waste removal, capping, slurry walls, insitu treatment 5 

and/or stabilization, and consolidation. 6 

9.7.4 Compliance with Any Applicable Standards for Management of Wastes 

Each alternative will discuss how the specific waste management activities will comply with all 

applicable state or federal regulations, such as closure requirements and land disposal restrictions. 

9.7.5 Other Factors 

Five general factors will be considered in selecting/approving a remedy that meets the four 

primary standards listed above. These factors combine technical measures and management 

controls to address the environmental problems at the site. The five general decision factors 

include: 

Long-term reliability and effectiveness 

Reduction of toxicity, mobility, or volume of wastes 

Short-term effectiveness 

Implementability 

Cost 
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Long-Term Reliability and Effectiveness 

The CMS will evaluate whether the technology or a combination of technologies has been used 

effectively under similar site conditions, whether failure of any one technology in the alternative 

would have an immediate impact on receptors, and whether the alternative would have the 

flexibility to deal with uncontrollable site changes. 

This criterion will assess the proposed useful life of the overall alternative and its component 

technologies. Useful life is defined as the length of time the level of effectiveness can be 

maintained. Typically, most corrective measure technologies deteriorate over time. Deterioration 

can often be slowed through proper system operation and maintenance, but the technology may 

eventualIy require replacement to maintain effectiveness. The CMS will consider these issues. 

Reduction of Toxicity, Mobility, or Volume of Wastes 

Estimates of how much the corrective measures alternatives will reduce the waste toxicity, 

mobility, or volume may help in assessing this criterion. In general, preferred remedies employ 

treatment capable of eliminating (or substantially reducing) the potential for contaminated media 

to cause future environmental releases or other risks to human health and the environment. 

In some situations, reducing toxicity, mobility, or volume may not be practical or even desirable. 

For example, large municipal-type landfills or unexploded munitions may be extremely dangerous 

to handle, and the short-term risks of treatment outweigh the potential long-term benefits. 

Short-Term Effectiveness 

The short-term effectiveness of each alternative will be assessed, according to its potential for fire, 

explosion, and exposure to hazardous substances; as well as threats associated with treatment, 
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excavation, transportation, and redisposal or containment of waste. This criterion is important in 1 

densely populated areas and where waste characteristics are such that risks to workers or the 2 

environment are high, and special protective measures are needed. 3 

Implementability 4 

Each alternative will be evaluated to assess potential impacts on the implementation time required. s 

Information to consider for implementability includes: 6 

Administrative activities needed to implement the corrective measure (e.g., permits, 7 

rights-of-way, offsite approvals) and the length of time for each of these activities. 8 

Constructability and time necessary for implementation and beneficial results. 

Availability of adequate offsite treatment, storage capacity, disposal and technical services, lo 

and materials. 11 

Availability of prospective technologies for each corrective measure alternative. 12 

Cost 13 

The CMS will consider the relative cost for each remedy. This criterion is especially useful when 14 

several technologies offer the same degree of protection to human health and the environment but t s  

vary dramatically in cost. Cost estimates will include engineering, site preparation, construction, 16 

materials, labor, samplinglanalysis, waste management/disposal, permitting, health and safety 17 

measures, training, and operations and maintenance. 18 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 9 - Corrective Measures 

9.8 Ranking the Corrective Measures Alternatives 

Once corrective measures have been discussed for each site using applicable scenarios (residential 

and/or BRAC-specified future use), alternatives for will be ranked in order of desirability. The 

ranking system will apply a weighting factor selected by the project team to determine the 

importance of each corrective measure criterion. The weighting factors will be developed by the 

project team during the CMS. Table 9.3 shows the ranking system format. 

The example presented in Table 9.3 considers a hypothetical site where soil is contaminated with 

relatively high (10 to 1,000 ppm) PAH concentrations. Three alternatives were developed: 

excavation and disposal in a permitted landfill, excavation and thermal treatment, and capping 

insitu. This example shows the format and nature of comparisons that will be made in the CMS. 

Once the weighting factors are selected, the rankings are set by multiplying the criteria values by 11 

the weighting factor. The weighted criteria values are then summed. Alternatives are ranked in 12 

order, with the highest total being the most preferable choice, and the lowest being the least 13 

preferable. 14 
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